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The therapeutic importance artificially induced fever, elect- 
ropyrexia, clinical pediatrics raises question regarding its effect 
developing tooth structure. Odontotrophias evidenced hypo- 
plastic superficial pits and grooves the enamel have been recognized 
clinically for many years, and the disfiguration has been interpreted 
result eruptive fever. most instances enamel hypo- 
plasia there accompanying dystrophy the dentin, which es- 
capes clinical notice since not exposed view. 

series observations reported previously (1) the effects 
induced hyperpyrexia the tooth structure rabbits, was found 
that definite lack calcification the dentin was the result, and 
this effect was evidenced linear areas interglobular spaces cor- 
responding chronologically with experimental procedures. Fig. 
illustrates this condition. 

The high temperatures were induced the Kettering hypertherm 
and high frequency short-wave apparatus. Garrison (2), 
using incubator and making his observations albino rats and 
Bevelander (3), using type short wave apparatus and also mak- 
ing his observations albino rats, were both accord with the con- 
clusions drawn from our studies the rabbit series. Further studies 
with the same short-wave equipment used treating the rabbits, 
were made with albino rats with similar results. The radio- 
therm, high frequency machine, utilized these investigations 
produces wave-lengths meters 12,000,000 oscillations per 
second and its radio frequency can varied from 0.02 0.4 amperes, 
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ture result the passage electric currents through the tissues, 
which offer resistance their flow. This results the transforma- 
tion electrical energy into caloric energy, heat. 

rat series, preliminary the one described this paper, was 
observed that, for the temperature employed, usually not higher than 
108°F, old rats showed effects the fever their incisor teeth. 
check-up the rabbit series previously mentioned, which 
old animals were used, similar phenomenon was observed. The 
greatest and most marked effects were recorded the incisor teeth 
days age. 


Fifteen litters albino rats, ranging from animals per litter, were studied 
series experiments determine degrees susceptibility high temperatures, and 
possibilities control and fortification against the undesirable effects fever upon the 
teeth. All the rats were weaned days age and immediately placed upon experi- 
mental diets feed freely they chose. The basal diet consisted parts wheat 
parts yellow corn meal, part salt and lib. this diet was added, 
attempt fortify against the effects fever, dicalcium phosphate, per cent the 
weight the basal diet, and codliver oil, c.c. per 250 gms. the basal diet. The reason 
for selecting this diet method approach, attempt prevent poor dentin cal- 
cification resulting from artificially induced fever, was that fever apparently speeds 
metabolic processes including the demands the factors concerned calcification. 
These factors are primarily, according our present knowledge, proper proportions 
and and the presence sufficient vitamin the diet. Regarding this matter 
the effect high temperatures Neyman (4) says: “In such instances the alkali reserve 
decreases markedly, the lactic acid increased more than three hundred percent and the 
serum decreased emphasizing the uncompensated nature the acidosis.” 

Half the animals each litter were fed the basal diet and the other half were given 
the fortified diet. After from days the diet, the rats were subjected induced 
fever for periods hours, allowed recovery intervals ranging from days, 
and then sacrificed beheading, sharp blow the head. Temperatures reached 
high 109.6°F. 


There was not single instance where animal maintained 
the supplemented diet, and surviving experimental procedures, showed 
the effects fever. general, the animals receiving only the basal 
diet gave evidence interrupted calcifications. However, there 
were instances which rats, subjected temperatures 106.8°F. 
and 107.6°F., after being fed the basal diet, did not show evidence 
dystrophy. None the others the litter from which these 
animals were derived, survived temperatures exceeding 106°F. 
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Furthermore, these rats weighed more than gms., while the re- 
mainder the litter averaged only gms. The fortified animals 
also succumbed the induced fever. Generally, rats from the 


ry 


Fic. Control rat from litter animal was kept basal diet for days 
(plus additional recovery time days allowed fevered animals this group). There 
seems some interference later dentin formation here well reduced dentin 
width, probably due size litter. This result quite characteristic rats from large 
litters. 

Fic. Fevered rat from same litter shown was maintained 
basal diet for days, subjected for hours temperatures that reached high 
108.8°F. and sacrificed after recovery days. There almost complete arrest 
dentin calcification with almost resumption normal formation after fever. 

Fic. Normal control rat basal diet. This animal was from litter 
was maintained the basal diet for days and sacrificed. Dentin formation normal. 

Fic. Fevered rat from same litter Maintained basal diet for period 
days, subjected for hours temperatures that reached 108.5°F., allowed recovery 
interval days and sacrificed. There interference dentin formation resulting 
from fever, but this case (small litter) there recovery with normal dentin subsequent 
fever period. Tooth sections all these illustrations are ground preparations. Enamel, 
dentin and pulp areas are marked En, and respectively. 


smaller litters showed greater resistance high temperatures and 
better tooth development. 


was noted that the animals receiving codliver oil and dicalcium 
phosphate suffered less from alopecia, had lower temperatures, re- 
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Fic. Fic. 


Fic. control rat maintained fortified diet for days and cancelled. 
was one litter 12, and the same groupas fig.2. There wide area normally 


1enun. 


Fic. Rat from same litter animal shown Maintained the 
fortified diet for days, subjected fever for period hours, temperature reaching 
109.6°F. spite high temperature (highest series) which this rat was subjected 
and the fact that was from large litter, predisposing poor calcification, there 
evidence interference dentin formation this tooth. 


for lengths time varying from hours. ‘This procedure was repeated once 
week the rabbit had undergone total hours induced hyper- 
then allowed recovery interval and Note 
poor corresponding fever periods, Note that 


alformation lessened as animal aged 


alcified 
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quired greater energy output the part the fever machine 
elevate and maintain high temperatures, recovered more rapidly and 
showed better resistance. All fevered animals lost average 
per cent the body weight within the first hours fevering. For- 
tified rats were able recover completely within several days, and 
then continued gain weight. Unfortified animals had not regained 
the lost weight the time they were sacrificed. 

From the results thus obtained would seem that the dicalcium 
phosphate and codliver oil added the diet helped build and 
maintain reserve calcification factors that, for the short duration 
the fever treatments, permitted resistance possible destruc- 
tion and deficiency factors brought about the high temperatures; 
and that the lack this reserve calcification factors permitted the 
fever assert dystrophic influence the developing dentin. 

none the animals studied were there observed effect upon 
the enamel such supposed brought about infectious 
eruptive fevers. This further evidence confirmation the find- 
ings Smith (5) and variance with Stein (6). explanation 
may lie the fact that induced fevers there are toxins com- 
parable those present fever infectious origin—toxins which 
may conceivably produce effect upon the ameloblasts similar 
that produced the skin epithelium during the xanthema. Another 
explanation may lie the fact that the enamel organ does not have 
the blood supply available the developing dentin virtue its 
relation the pulp, which, Bevelander (3) found, becomes hyper- 
emic and edematous during fever. 

Sections representative rat incisors the various experimental 
and control groups are illustrated figs. 

While seems from our observations, supported most other 
investigators that the enamel not harmed induced fevers dur- 
ing therapeutic measures, the demonstrated effect the dentin com- 
mands attention and consideration. importance make 
effort eliminate this effect because the interglobular dentin areas 
permit more rapid progress decay, well more acute sensi- 
tivity pain during operative procedures for dental restorations. 
Our results indicate that proper fortification the diet may 
logical method accomplishing 
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THE PHYLOGENETIC GROWTH PATTERN THE 
CONICAL FORMS TEETH! 


FRED HERZBERG; D.D.S., M.S., MAURY MASSLER, B.S., D.D.S. 
Department Histology, University College Dentistry, Chicago, 


INTRODUCTION 


This paper attempts analyze the form the conical teeth 
representative species terms the morphologic pattern, the 
incremental pattern and the rates and gradients dentin apposition. 
effort also made correlate the findings with the known laws 
growth elucidated D’Arcy Thompson (1917), Huxley (1932) 
and Scammon (1933). 

Investigations the evolution tooth form, which prime 
interest and value the evolutionist and anthropologist, have been 
for the most part descriptive, rarely analytical. review the 
literature shows that previous analysis tooth form has been 
quantitatively evaluated, except Steadman and Schour (1935) 
the case the rat incisor. 

Thompson (1917) points out that the evolution growth process 
with centuries instead months the time increments. indi- 
cates, addition, that the form organ diagram the 
forces growth acting upon it, and that changes form are due 
primarily changes the rates growth. follows, therefore, 
that quantitative analysis the evolution tooth form may 
made terms the growth patterns representative forms 
teeth. 

conical type tooth may defined one whose basic morpho- 
logic pattern that cone, regardless secondary changes which 
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may twist away from its original simple form. has but one 
growth center and its increments are laid down from this center. 


METHODS AND MATERIAL 


Morphologic Forms. gross and histologic study was made the teeth the follow- 
ing animals order study the morphologic pattern the teeth: Fish, frog, snake, 
alligator, whale, wild boar, leopard, cat, dog and opossum (Figs. and 2). 

The apical angles the teeth were calculated projecting the teeth with camera 
lucida and tracing their outlines. The base altitude ratio made possible the construc- 
tion triangle, the upper angle representing the tip the tooth and being the apical 
angle. This was then measured with protractor. 

Incremental Patterns Teeth. The incremental patterns the teeth representative 
animals (fish, frog, garden snake, alligator, opossum, dog and cat) were studied ground 


TABLE 
Animals injected with alizarine red 


NUMBER) NUMBER TIME INTERVAL | 


RATE OF GROWTH IN 
CLASS or DOSAGE PER 24 HOURS 
1.2-2.7 
2.3-7.4 
Under growth center 


and decalcified sections. The course the striae Retzius the enamel and the contour 
lines Owen the dentin, which has become permanently recorded during the calcifica- 
tion these tissues, indicated the increments dentin and enamel growth. 

Rates and Gradients Growth. ‘The following animals were selected because they pos- 
sess representative forms teeth: Fish, frogs and garden snakes (Table I). These ani- 
mals were subjected vital staining order measure the rate dentin apposition. 
Periodic injections alizarine red marked the dentin forming and calcifying the 
time producing distinct red line which can easily recognized ground sections. 
The doses employed were roughly comparable those found effective experiments 
with higher animal species (Schour and 1937). Measurements the distance 
between successive red lines gave the amount apposition during the time interval 
that elapsed between the corresponding injections. frogs the injections were ad- 
ministered into the dorsal lymph sac. The snakes were given intramuscular injections 
about the mid-point the body. 


FINDINGS 


Morphologic Pattern. Apical Angles. will seen from Table 
that the conical forms teeth have base-to-altitude ratio 
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from 1:1.1 1:4.5 (apical angle from degrees). The apical 
angle the tooth designates its conical form but not its size. There 
correlation between the apical angle the tooth and the species. 
For example, the frog shows angle 46° while the snake shows 
one 22°. the other hand, some cases the only difference 
between different species the size the tooth, the apical angle 
being about the same. The drooper and alligator both show angles 
40°, but the alligator’s teeth are grossly larger. 

the shorter teeth and the teeth the less highly developed 
species, the teeth appeared simple and straight cones; but 
those forms the snake where the tooth was long enough (more than 
0.5 mm.) distinct lingual curvature was discernible. The degree 


TABLE 


angles and spiral angles conical tooth forms lower animals 


ANIMAL LENGTH WIDTH RATIO ANGLE ANGLE 


curvature seemed greater with the greater size the tooth, 
although this was not true all all cases, the curvature 
was directed lingually (toward the median line). have never 
observed labially curved tooth. 

the phylogenetically higher species, and when the teeth were 
longer, definite lateral twist could found the curved cone. 
This second curvature was right angles the first and was always 
directed well illustrated the teeth the 
gator (Table VI). Weatherford (1940) noted similar condition 
the tusks the Indian elephant. 

The teeth the simple conical form examined this study were 
rootless single rooted. double-rooted teeth show accessory 
cuspules (secondary growth centers) and will analyzed separately. 

Incremental Pattern. The lines the dentin which outline the 
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incremental pattern represent the limits definite growth zones 
and may properly termed growth lines. They demarcate the suc- 
cessive matrix apposition and are readily recognized because 
the calcification the matrix which follows apposition close 
succession. 

Fig. illustrates the incremental pattern several conical forms 
teeth. The incremental pattern outlines the successive increments 
the appositional growth the tooth. Since the growth additive, 


Morphologic form teeth wild boar (A); leopard (B); alligator (C); 
whale (D). 


the increments are gnomic character; that is, they are the 
same form, but increase size they succeed each other. The 
incremental patterns all the conical forms teeth were essentially 
alike terms the form and outline their increments. 

The tip the dentin cone represents the point which apposi- 
tional growth begins and which the rate growth its maximal 
velocity. This point has been termed the appositional growth center 
the tooth (Schour and Massler 1940). 

the dentin the increments are deposited the receding pulpal 
cells the form cones, one within the other. the enamel the 
cones are deposited the receding ameloblasts one atop the other. 
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Fic. Form and incremental patterns (continuous lines) and direction dentinal 
tubules (interrupted lines) conical forms teeth. the tooth fish (drooper); 
tooth pike; alligator; opossum canine; cat canine; dog canine; frog; 
snake. The frog shows easily measurable gradients. the snake, Huxley’s 
median gradient appears. The basic similarity form and pattern apparent. 


\ \\ 
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When the life-span the pulpal cells ameloblasts ended under 
over the growth center, the successive increments are deposited 
the form truncated cones. This allows the formation pulpal 
cavity within the dentin and gives the enamel definite limited 
width. 

Rate Growth. Tables III and show the daily rates growth 
obtained result the injections alizarine Red 


TABLE 


Growth rates teeth common garden snake showing growth gradients illustrative the law 
differentiative growth and the law developmental direction 


TABLE 


Growth rates frog (rana pipiens) 
slight gradient seen only the vomerine teeth from growth center base. The 


antero-posterior gradient the arch seen with peak the middle and vomerine 
teeth. 


TEETH TEETH AVERAGES 

growth center............... 1.54 1.34 2.7 


rates dentin apposition were not obtained for the fish since our 
specimens did not survive long enough after injection permit 
second injection. The rate growth appears much slower 
than that found for other classes. the frog, the average 
daily rate growth dentin (Table IV). The labial dentin 
grows faster than the lingual, there being per cent labio-lingual 
gradient (Table V). correlated with the lingual curvature 
these teeth. Garden Snake—Table shows the daily rates 


CONICAL TOOTH FORMS: PHYLOGENETIC PATTERN 517 


growth the various teeth and levels. The rate growth great- 
est the palatine teeth, less the mandibular teeth and least the 
maxillary teeth. possible that this related the law de- 
velopmental direction. 

Gradients Growth. (a) Locus Gradient. the teeth the gar- 
den snake the rate growth was found its maximal velocity 
the growth center and decrease toward the basal end the 
tooth (locus gradient). (b) Age Gradient. addition the rate 
growth decreased from the dentino-enamel junction toward the 


TABLE 
The median (labio-lingual) gradient the teeth the frog and the garden snake 


RATE OF GROWTH 


ANIMAL 
Labial Lingual 
TABLE 


From the teeth crocodilian seen that the measurements tooth thickness 


the level the greatest curvature show that the tooth has distinct lingual twist and 
lateral shear. 


Anterior cross-section with slight curvatures..| 1517 1599 1549 
Mid-tooth section greatest curvature.....| 1760 1685 


pulp along the dentinal tubules (age gradient the formative cells). 
(c) Antero-Posterior Gradient. the teeth the frog antero- 
posterior gradient the arch was found with rise rate about 
the region comparable the canine area higher animal species 
(Table 

Gradients That Are Responsible for the Curvature the Tooth. 
Since, according Thompson, the curvatures the teeth observed 
grossly should the result gradients the appositional growth 
the teeth, the rates growth were carefully analyzed see 
such gradients actually existed. The locus and the age gradients 
cannot account for the curvature the tooth and are concerned 
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only with the amount matrix deposited—the thickness the 
enamel and dentin. (a) Median Gradient. those teeth that 
showed marked lingual curvature, the rate apposition the 
labial was measurably greater than the lingual (Table V), the 
deceleration being smooth (median gradient). The frogs’ teeth, 
because their minute size and the difficulty obtaining good sec- 
tions, showed only small median gradient. (b) Lateral Gradient. 
those teeth that showed, addition the lingual curvature, 
marked lateral shear, the rate apposition was found greater 
the medial surface than the lateral (lateral gradient) (Table 
the gradient per cent being proportion the lateral curvature. 

The labial and medial increases growth compared the lin- 
gual and lateral growth may seen very easily analyzing the 
incremental pattern cross-sections. 


IV. DISCUSSION 


The Conical Tooth Form Confirmation and Clarification 
Known Laws Growth. The first law growth the law un- 
equal (or, more properly, differential) growth. This states that the 
cells organism organ not grow equal rate, but that 
the rate varies according definite gradients. the presence 
such gradients that produces the various forms known us, and 
which prevents organ becoming merely sphere, which would 
the case growth were equal all directions (Thompson 1917, 
Huxley 1932). 

The second law growth the law developmental direction 
(Scammon). This states that organism organ will grow 
direction from anterior posterior and from medial lateral, from 
mesial toward distal from proximal distal. The greatest growth 
generally found the points origin the growth process. 
was found that the conical forms teeth adhered these laws 
several respects, and violated them none. 

Huxley (1932) has shown that, given method appositional 
growth starting growth center, simple cone will inevitably 
result. account taken the size the cone the divergence 
its base, its form being the prime consideration. simple cone 
may 0.15 mm. high the frog, 125 mm. long the whale, 
but its morphologic pattern that the simple cone. This ac- 
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counted for the gradients growth, which are higher the 
growth center. Such teeth have called Class Should single 
gradient growth introduced into simple cone found 
produce logarithmic spiral form, which the case the teeth 
always directed lingually. This fact another confirmation Scam- 
mon’s Law Developmental Direction. This curvature accounted 
for the greater rates growth the labial compared the 
lingual. 

The introduction second gradient appears always fall right 
angles the first and produces sheared logarithmic spiral. This 
shear always lateral direction, again operating according the 
law developmental direction. The lateral curvature accounted 
for the increased rates growth the medial surface. This 
the Class III type. Conical tooth forms may thus classified 
the basis their growth gradients, which are expressed grossly 
their curvatures. 

The animals studied may considered representative the 
vertebrates. The teeth have been diagnostic criteria the study 
evolution. suggested that such studies concern themselves 
not only with the gross description the morphologic pattern the 
teeth but include study the growth pattern these teeth. Such 
studies provide logical mechanism study the evolution tooth 
form. 

The findings the rates growth the dentin several species 
tends indicate increase the rate growth dentin (in 
one proceeds upward the evolutionary scale, there were 
evolutionary gradient the rate dentin growth. The lower forms, 
general, exhibit slower rate growth than the higher forms. 
speculating the reasons which might exist for such increase 
the rate growth dentin, suggested that this change might 
related general increase the basal metabolic rate. The 
comparison basal metabolic rates such species would fruitful 
elucidating the physiology growth laws and growth gradients. 


CONCLUSIONS 


The tooth, like other organs the body, conforms the gen- 
eral laws growth. Particularly applicable are the Law Differ- 
ential Growth and the Law Developmental Direction. 
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basic similarity form and incremental pattern exists among all 
the early conical forms teeth examined. The incremental pattern 
graphic diagram the various stages the growth the enamel 
and dentin. Therefore can used guide the analysis 
the growth pattern and form the teeth. The correlation be- 
tween tooth growth and tooth form demonstrated the éxperi- 
mental analysis the rates and gradients dentin apposition, 
means vital injections alizarine Red simple classifica- 
tion the conical forms teeth presented: 

simple cone (fish). 

Class simple cone bent lingually one growth 
the logarithmic spiral form (snake). 

Class simple cone bent lingually one growth gradient 
and the addition second gradient right angles 
the first, producing cone bent lingually and twisted 
laterally—the laterally sheared logarithmic spiral (alli- 
gator). 
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HEREDITARY OPALESCENT DENTIN 
III. CHEMICAL AND 
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Hereditary opalescent dentin has been described under variety 
names but probably less rare than the literature indicates (1). 
Clinically presents picture excessive destruction the 
together with more less noticeable violet color the enamel and 
light dark brown staining exposed dentin. This anomaly 
inherited dominant characteristic which severe disturbance 
dentinal development appears the cause the friability 
and peculiar color the teeth easily and specifically diag- 
nosed (a) its inherited nature, (b) the radiographic demonstration 
the typical reduction size absence pulp cavities and 
the severe tooth destruction observed clinically. 


HISTOLOGICAL STUDY 


thorough histological study ground and decalcified stained 
sections opalescent teeth reveals normal appearing enamel and 
dentin atypical structure, the involvement being mesenchymal 
origin. The enamel seen sections, using transmitted 
polarized light, presents well outlined, normal enamel rods 
atypical dentino-enamel junction accounts increased tend- 
ency toenamel fracture this point, condition frequently observed 
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clinically normal dentino-enamel junction affords means 
mechanical union between the enamel and dentin numerous 
interlocking convexities and concavities. irregularities, seen 


Fic. Enamel viewed transmitted polarized light presenting well outlined enamel 
rods. Ground section. High magnification. 


Fic. Dentinal tubules may seen running right angles their usual course. 
Ground section. (Same tooth fig. High magnification. 

Fic. Cemento-enamel junction. The mantle layer dentin showing fairly normal 
arrangement and number tubuli. Ground section. 

Fic. Dentin showing irregular strands and clumps tubules. upper left and 


near center may seen structures resembling trapped cell. Ground section. High 
magnification. 


sections scalloped borders, are not found the dentino-enamel 
junctions hereditary opalescent dentin. 
The dentin shows great variation microscopic structure and 
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pattern which borne out the previously reported variations the 
gross clinical picture. number and arrangement the dentinal 
tubules differs different locations the same tooth, well from 
tooth tooth. The course the tubules opalescent dentin 
extremely variable, some instances even running right angles 
the normal direction (fig. 2). However, the mantle dentin quite fre- 
quently shows evidence fairly normal arrangement and number 
tubules (fig. showing relatively normal mantle dentin, 
although exhibiting clinically the characteristics opalescent dentin, 
not present the severe tooth destruction observed teeth with 
more irregular structure the dentin. 

Hereditary opalescent dentin characteristically has relative ab- 
sence tubules. Frequently those present are clumped together 
into irregular strands short bundles, and occasionally form loops. 
Among these bundles may seen enlarged spaces with inclusions 
suggestive entrapped cells, possibly odontoblasts (fig. 
and Schour have also observed these cellular inclusions (5). The 
circumpulpar dentin shows complete lack structural homogeneity 
with extremely irregular and granular matrix (fig.6). Throughout 
the matrix are found areas interglobular dentin indicative poor 
calcification. Bordering the pulp chamber may seen coalescing 
calco-globules presumably from interrupted calcification (fig. 
the pulpal region total partial obliteration pulp cavities 
strikingly diagnostic. Radiographic evidence points the oblitera- 
tion being mainly continuous developmental process. place 
pulp chambers and canals, certain teeth, greatly enlarged tubules 
running axial direction are present. difficult tell whether 
they are enlarged tubules pulpal inclusions These are 
also well illustrated the paper Skillen The size, location and 
direction these tubules are reminiscent the dentin some lower 
animal forms. The arrangement the tissue osteoid and many 
ways similar other calcified tissues formed with unusual rapidity. 
The calcification where the pulp chamber should normally present 
shows complete cellular disarrangement with large 
coalescing areas uncalcified dentin. There are frequently only few 
enlarged tubules radiating from the pulpal area (fig. some 
these areas there complete absence tubules yet calcification has 
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remarkable degree. Dentinal bridges, formed under 
areas severe irritation, show amorphous and irregular forms sug- 


Fic. The circumpulpar area showing interglobular dentin. Bordering the pulp 
chamber may seen the imperfectly fused calco-globules. Ground section. Low 
magnification. 

Fic. Circumpulpar dentin shows lack any structural pattern. Ground section. 
High magnification. 

Fic. Horizontal section dentin reveals absence pulp with large tubules occupy- 
Decalcified section. High magnification. 

Fic. Deciduous tooth. There absence tubules dentin. Pulp chamber 


absent and attrition incisal edge has exposed dentin. Ground section. Low mag- 
nification. 


gestive the atubular arrangement hereditary opalescent dentin 
offers additional evidence the now generally accepted 
theory that formation and calcification the dentin matrix may 
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independent odontoblastic activity. The granular layer Tomes 
distinct (fig. 9). 


“ 


Fic. Lamellar structure primary cementum appears normal. Granular 
Tomes may seen. Ground section. Low magnification. 

Fic. 10. Typical cemental corpuscles may clearly distinguished. Granular layer 
Tomes may seen. Ground section. High magnification. 

Fic. 11. There complete destruction crown tooth with pulp canal exposure. 
The root apices show evidence hypercementosis. Ground section. (Same tooth 


Low magnification. 
Fic. 12. Smooth surface cavity. The atypical appearance lesion can seen. 


Ground section. 


The primary cementum shows typical lamellar arrangement 
and the secondary cementum presents typical lacunae and canaliculae 
(fig. 10). Apparently both the enamel and cementum are histo- 
logically normal; the abnormality limited the dentin. 

Opalescent teeth situ show large areas destruction (see Figs. 


3 
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and Hodge, Finn, Lose, Gachet and Basset [3]). Whether 
this caries the strict interpretation the word questionable. 
the section shown fig. impossible tell whether bacteria 
invaded the tooth and pulp, producing irritation and hypercementosis, 
whether mechanical disintegration the enamel and dentin ex- 
posed the pulp bacterial invasion, although the latter seems more 
probable. smooth surface cavity from another tooth shows 
zone leathery dentin beneath which may seen area pig- 
mented dentin. Around this pigmentation, there zone trans- 
parent dentin, nor does the destruction follow the tubules. appears 
rather penetrate some sort tearing progression. Since 
tubules are absent, bacteria cannot follow these channels; furthermore 
the reaction areas hypercalcification, which are produced tubular 
calcification, cannot produced; therefore the picture certainly 
not one typical caries. the absence tubules the process 
bacterial invasion should retarded. the contrary the mass 
destruction the teeth, observed clinically, progresses extremely 
rapidly. That this the same process usually seen dentinal caries 
terio-chemical nature. 

summary, the histological study opalescent teeth permits the 
following main observations. The enamel has normal structure. 
The dentin extremely abnormal. The number tubules 
greatly reduced and those present may run right angles their 
normal course. Pulp cavities are small entirely missing. 
Both the primary and secondary cementum are normal structure. 
The severe destruction seen clinically may largely mechanical 
origin; typical carious lesions are not formed. 


CHEMICAL PROPERTIES 

Chemically, hereditary opalescent dentin shows marked varia- 
tion chemical make-up from normal Table are given 
the analyses water, organic and inorganic contents whole 
teeth. The water percentages are all higher than those normally 
found (8,9). This increase water great per cent above 
the normal average (tooth No. DD2). The inorganic percentages 
calculated the basis dry weight are roughly per cent lower 
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than the normal figure. difference, the organic content must 
the order per cent higher than normal. 

Table are given the water percentages samples enamel 
from opalescent teeth. These water values are the normal range 
for enamel (10). 

Table III are given the data for water and inorganic percentages 
dentin separated from these teeth. The water percentages are 


TABLE 
Water, organic and inorganic contents whole opalescent teeth 

0.5008 17.3 0.3960 77.8 
DD2 21.1 73.2 
DD4 18.4 72.4 
291 .2722 14.6 
293 .3174 12.6 80.5 
296 12.4 79.8 

TABLE 
Water content enamel from opalescent teeth 
TOOTH NO. | WET WT. DRY WT. HO (WET WT. PER CENT) 

338 0.0110 0.0108 

340 0.6 

341 .0160 

342 

343 


all high about per cent the average. The inorganic per- 
centage the basis dry weight about per cent lower than 
normal; therefore hereditary opalescent dentin contains about 
per cent more organic matter than normal adult dentin (11). 

Table are given the results more complete analyses 
whole teeth and samples enamel and dentin analyzed separately. 
The data for the whole teeth show high percentages water, low 
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percentages ash. The calcium and phosphorus contents are ex- 
pressed the basis per cent inorganic matter and are each 


TABLE III 
Water, organic and content hereditary opalescent dentin 


TOOTH NO. WET WT. DRY WT. INORG. 
338 0.5099 0.4300 15.67 0.3208 62.91 
341 15.50 64.65 

TABLE 
Water, organic and inorganic analyses 

TOOTH WET DRY (WET WT. EXTR WT. wr. wr. wr. Ca/P 

PER CENT) PER CENT) PER CENT) PER CENT) 


Whole teeth 


9.2 81.6 35.2 16.8 2.10 
Enamel 
2.3 95.6 37.1 17.6 2.12 
Dentin 


Partially dried. 


case slightly below the normal average. However, the calcium 
phosphorus per cent ratio normal, namely 2.15. The enamel 
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shows normal figures for water and ash well for calcium and 
phosphorus the The calcium phosphorus per cent ratio 
normal, namely again shows high water content, low 
inorganic content, normal calcium but slightly lower than normal 
phosphorus values. The result higher calcium phosphorus 
ratio than normal. The meaning this deviation unknown. The 
variations seen the analytical data from tooth tooth probably 
represent true differences degree calcification. The constancy 
the calcium phosphorus ratio value about 2.10 line 
with the findings previously reported the calcium phosphorus 
ratio fetal (12), deciduous (13), and adult (8, dentitions and 
supports the general premise that only one fundamental calcium phos- 
phate can exist the body, namely, hydroxylapatite Further 
evidence this point will given below. 

summary, the enamel from opalescent teeth seems normal 
its chemical make-up. the other hand, the dentin decidedly 
abnormal; has high water content, high organic content and low 
inorganic content compared with normal dentin. The inorganic 
part has calcium and phosphorus percentages which are probably 
within the normal range. However, the calcium-phosphorus ratio 
slightly higher than normal. 


PHYSICAL PROPERTIES 


Density. fig. the density distribution hereditary opalescent 
dentin compared the density distribution normal dentin (15). 
Each the samples shown pooled one which the dentin from 
several teeth has been put together. The density hereditary opales- 
cent dentin ranges from 2.03 2.15 with average 2.07. The 
density normal dentin ranges from 2.07 2.30 with average 
expected since contains more water, more organic matter, and less 
mineral substance high density. 

X-ray absorption. fig. shown reproduction x-ray 
picture (a) slab approximately mm. thick cut from opalescent 
tooth, (b) slab approximately the same thickness from normal 
tooth, and (c) the aluminum penetrometer. The x-ray absorption 
(interpolated value) measured the thickness pure aluminum 
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which will cast exactly equivalent shadow when the tissue and 
the aluminum penetrometer are simultaneously exposed x-ray 
beam. The thickness aluminum mm. which produces equal 
density the known thickness enamel dentin, called the inter- 
polated value. The interpolated values were obtained for the crown 
and root portions opalescent teeth; the crown averages about 
per cent greater absorption than the root (Table V). line 
with crown-root differences normal dentin. The interpolated value 


PERCENT PER UNIT DENSITY 


205 210 220 225 
DENSITY 


Fic. 13. Density distribution curve hereditary opalescent dentin compared that 
normal dentin. Percentages original sample found various fractions which 
were separated with known density limits are plotted ordinates. Hereditary opalescent 
dentin has lower mean density than normal dentin. 


divided the thickness the tooth tissue gives number, the inter- 
polated value per unit thickness, which various teeth can com- 
pared. average interpolated value per unit thickness for heredi- 
tary opalescent dentin 0.65, for normal dentin 0.95 (16, 17). 
The interpolated value per unit thickness enamel from opalescent 
teeth about 1.3, normal value. Since the x-ray absorption 
dependent almost entirely (about per cent) the calcium content, 
and since the hereditary opalescent dentin has low inorganic content, 
the low average interpolated value expected. 
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Hardness. fig. two photomicrographs are placed side side, 
the left hand one shows microcut crossing normal dentin, the right 
hand one shows microcut the surface hereditary opalescent 
dentin. The differences textures the surfaces apparent. 
Also the fact that the cut wider hereditary opalescent dentin, 
than normal dentin. The microcut normal dentin 8.9 microns 
wide; hereditary opalescent dentin 12.5 microns wide 
these widths are expressed microhardness values, normal dentin 
has hardness about 125, hereditary opalescent dentin 65. 


Fic. 14. Radiograph slab cut from opalescent tooth shown with slab from 
normal tooth and aluminum penetrometer from which interpolated values are obtained, 


The root portion hereditary opalescent dentin may have much lower 
microhardness values, e.g., Table VI, readings low 
are found. one tooth, number DD4, the root dentin has micro- 
hardness and the adjacent cementum actually harder with 
microhardness 55. tooth number series micro- 
cuts were made transversely, placed first the occlusal portion the 
coronal dentin and succeeding microcuts proceeding 
the occlusal dentin microhardness 123 was obtained, normal 
value. cannot said whether this represents more nearly 
normal calcification due the early embryonic deposition this 
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dentin whether the saliva has operated produce harder tissue. 
The microhardness values become lower the farther apically the micro- 
cut was made, specifically, 123, 98, 87, near the cervix, and 
the root dentin. The microhardness hereditary opalescent dentin 
almost exactly that normal cementum. The low hardness values 


ntine 


Normal 
Dentine 


Microhardness Microhardness 
125 


Fic. 15. Microcut shown across normal dentin (on left) and across hereditary opal- 
escent dentin. Note texture differences surfaces well difference microcut width. 


TABLE 
AVERAGE INTERPOLATED VALUES 
TOOTH NO. DIFFERENCES (C-R) 

Crown Root 
296 0.63 0.60 +0.03 
291 1.19 1.09 +0.10 
293 1.24 +0.05 
290 1.0% 1.06 +0.02 
292 1.04 


are line with the low density and low x-ray interpolated value. 
The relative softness hereditary opalescent dentin offers ex- 
planation the rapid wearing seen clinically. The mass destruction 
the tooth crowns seen some mouths may more accelerated 
attrition than any known form dental caries. 

X-ray diffraction patterns opalescent dentin were made using 
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both the pinhole and powder diffraction methods. x-ray diffrac- 
tion pattern opalescent dentin (fig. shows that the molecular 
structure the inorganic portion the tissue the same that 
normal teeth (19). The pattern that hydroxylapatite, the 


Fic. 16. Typical pattern hydroxylapatite found hereditary opalescent dentin 
normal dentin. 


Fic. 17. ordinary transmitted light differences are observed light transmitted 
left right sides section normal dentin. 

18. Using transmitted polarized light, pronounced differences are seen amount 
light passing through section normal dentin; left side almost opaque while right 
side nearly normally translucent. 


principal inorganic constituent all the calcium phosphates the 
body. Since tooth substance, bone and pathological calcifications 
all show this structure, not remarkable that opalescent dentin 
also consists principally this substance. 

polarized light normal tooth shows marked differences ap- 


= 
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Fic. 19. Using transmitted polarized light, differences are seen amount light 
transmitted sides section hereditary opalescent dentin. Lack regular, normal 
structure evident. 

TABLE 


Microhardness readings hereditary dentin 


ENAMEL, DENTIN, 
TOOTH NO. NO. av. NO. 
READINGS READINGS 
295 
root 
292 root 
290 
root 
cementum 
123 near occlusal surface 
toward root 
8 87 
cervix 


4 
| 
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pearance the dentin (20) opposite sides the tooth (compare 
and irregular bands appear the enamel. Using 
plate complementary colors appear the dentin 
opposite sides the tooth. The bands the enamel also show 
complementary colors. These colors shift and are exchanged when 
the tooth rotated between the crossed Nicol prisms. When the 
enamel opalescent teeth examined similar way, normal color 
changes appear. However, opalescent dentin gives symmetrical 
color patterns nor differences between opposite sides the tooth 
(fig. 19). appears almost structureless with tiny areas com- 
plementary colors side side throughout the dentin. From the 
histological observations this lack defined color differences confirms 
the almost complete lack structure. 

summary, the enamel from opalescent teeth found have 
normal physical properties. Hereditary opalescent dentin has low 
average density, low x-ray absorption value, and low hardness. 
The x-ray diffraction data show the principal inorganic molecule 
hydroxylapatite. Polarized light studies the lack 
structure previously described histological studies. 

GENERAL SUMMARY 

Histological. Enamel and cementum from opalescent teeth appear 
normal. Hereditary opalescent dentin almost structureless, only 
few tubules are present. Pulp cavities are small entirely missing. 

Chemical. Enamel from opalescent teeth has normal chemical 
composition. Hereditary opalescent dentin has high water and 
low inorganic content and, computation, high organic content. 
The calcium and phosphorus percentages the ash are approxi- 
mately normal. The principal inorganic molecule hydroxylapatite. 

from opalescent teeth appears normal. 
Hereditary opalescent dentin has low density, low x-ray absorption 
value and low light studies show lack 
regular structure. 


REFERENCES LITERATURE 
(2) C., AND Finn, Heredity, 29: 359, 1938. 


26: 1939. 


536 HODGE, FINN, ROBINSON, MANLY, MANLY, VAN HUYSEN AND BALE 


(5) E., I., Am. Ortho. and Oral Surg., 25: 267, 1939. 
(6) R., Histopathology the Teeth and Surrounding Structure, 2nd Ed. 
(Philadelphia, Lea and Febiger, 1939). 
(7) A., Res. 18: 373, 1939. 
(8) D., Jr., C., anp Res. 14: 251, 1934. 
(9) anp C., Res. 16: 279, 1937. 
(14) C., L., BALE, F., Ind. Eng. Chem. 10: 156, 1938. 
(15) S., C., ANGE, E., Res. 18: 203, 1939. 
(16) Warren, L., W., C., VAN G., Am. Roent. 
and Rad. Therap., 31: 663, 1934. 
(17) G., Cosmos, 78: 272, 1935. 
(18) C., anp McKay, H., 20: 227, 1933. 
(19) F., C., L., Am. Roentgen. and Rad. Therap. 
32: 369, 1934. 
(20) J., Handbuch biol. Arbeitsmeth. (Abderhalden) Abt. Teil 10, 
1934. 


EOSINOPHILE LEUKOCYTES THE PULP AND GINGIVA! 


ORBAN, M.D., 
Northwestern University, School Chicago, 


LITERATURE 


The origin and function eosinophile granulated leukocytes are 
still unknown, spite extensive investigations. The first investi- 
gator distinguish the eosinophile leukocytes from the neutrophiles 
and basophiles was Ehrlich. Experimenting with aniline dyes, 
differentiated acid, neutral and basic dyes, and determined their affinity 
for cellular structures—especially the granules found the white 
blood corpuscles. Since the work Ehrlich, many investigators have 
taken the task clarifying the nature, origin and function the 
eosinophile cells, including Downey, Weidenreich, Opie, 
Maxinow and numerous others. The true significance the 
eosinophiles the tissues, however, still under discussion. 

claimed that due some, most, so-called allergic conditions 
the eosinophiles increase not only the blood but also the tissues 
the lungs and mucous membrane the nose. Schlecht first 
expressed his opinion this direction, basing his claims experi- 
mental observations. repeatedly injected foreign proteins into 
animals, producing increase the number eosinophile cells. 
claimed that this phenomenon belonged the reactions known 
anaphylaxis and immunity. reaction the body against the 
toxins which develop due tissue decomposition after the administra- 
tion foreign proteins abnormal decomposition the body’s own 
proteins. This protective reaction the body. Réssle accepted 
this opinion after his own experimental investigation, and was also 
confirmed Schwarz. 


the 18th General Meeting the International Association for Dental 
Research, Philadelphia, March 13-14, 1940 (J. Res. 19: 293, 1940). 
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Numerous authors question the phagocytic activity the eosino- 
philes, least claim that rarely observed. More recently, 
however, has been claimed that eosinophiles act phagocytes, 
although there activity may less than that neutrophiles, 
(McDonald and Shaw, Jacobsthal, Strumia and Boerner, Ingraham 
and Wartman). Their migration from capillaries has been described 
Opie, Maxinow, Schwarz, and others. 

The only reference eosinophile cells dental literature could 
found Euler and Meyer’s book Histopathology the Teeth. 
These authors occasionally found eosinophile leukocytes suppurating 
pulpitis. Recently the author found them the pulp during acute, 
well as, chronic inflammatory reactions. They were often very 
numerous and were found migrating not only between the odonto- 
blasts, but also into the dentinal 


FINDINGS 


studying inflammatory conditions the pulp, large number 
cases, the accumulation eosinophile leukocytes was noted. 
some cases their number was limited, others very numerous. They 
were found acute and chronic conditions, and permanent and 
deciduous teeth. 

Fig. shows high power magnification the root portion 
chronically inflamed pulp. eosinophile leukocyte seen below the 
center and plasma cell close it. The nucleus fibroblast 
also seen. The relative size these different cells can well esti- 
mated comparison with the erthyrocytes the small capillary 
this picture. 

Fig. also from chronically inflamed pulp, shows the formation 
pseudopodia eosinophile leukocyte and indicates its active 
migration. few polyblasts and fibroblasts are also seen. 

chronic inflammation the pulp, the most numerous cells present 
are the plasma cells. They gather large numbers company with 
lymphocytes, from which they most probably develop, and other 
wandering cells. This whole group cells are called polyblasts. 
Among these cells large number eosinophiles sometimes ac- 
cumulate. 

large accumulation eosinophile leukocytes pulp, showing 
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only slight evidence inflammatory reaction, can observed 
fig. the wall the dentin, and between the odontoblasts, 


Fic. Root portion chronically inflamed pulp. a—eosinophile leukocyte, 
plasma cell, c—nucleus fibroblast, d—erythrocytes. 

Fic. Chronically inflamed pulp. a—eosinophile leukocyte with pseudopodia, 
d—erythrocyte, e—wandering cells. 


Fic. Pulp with inflammatory reaction. a—eosinophileleukocytes, c—odontoblast, 
leukocytes. 


Fic. Eosinophile capillary lumen. a—eosinophile leukocyte, g—lymphocyte, 
h—endothelial cell, cell. 


are seen about cells with eosinophile granules. About the same 
number neutrophile leukocytes are present. plasma cells 


540 ORBAN 


other types wandering cells can recognized. This was the 
largest number eosinophile cells, one microscopic field, which 
was observed any pulp. 

Much more extensive concentration eosinophile leukocytes could 
observed the inflamed gingiva; some specimens they numbered 
hundreds. These cells not differ character from those the 
pulp. They are observed groups more, and sometimes singly. 


Fic. Eosinophile along vessel wall. leukocyte, leu- 
cocyte, cells, i—undifferentiated mesenchyme cell. 
Fic. Eosinophile epithelium. a—eosinophile leukocyte, cells. 


case chronic gingivitis the eosinophile cells were not only 
numerous the tissues but they could found the capillaries. 
small capillary, eosinophile leukocytes could counted, to- 
gether with some neutrophiles, lymphocytes and erythrocytes. 
the same time some eosinophile cells could also seen free the 
tissues. Frequently, single eosinophile cell occupies the lumen 
small capillary, seen fig. endothelial wall the capil- 
lary, with cells it, can seen. The eosinophile cell has the typical 
lobes its nucleus, and the cytoplasm packed with eosinophile 
granules. lymphocyte the lower right corner the picture 


EOSINOPHILE LEUKOCYTES: PULP AND GINGIVA 541 


may observed. There was low grade inflammation present 
this gingiva. The epithelium was fairly good condition, and 
acute inflammatory symptoms were almost entirely absent. The 
differential blood count revealed only 0.5 per cent eosinophiles. 
many specimens eosinophile cells could found the blood vessels, 
well the tissues. The eosinophiles were often found close 
proximity the capillary walls, seen especially well fig.5. The 
cytoplasm, filled with the eosinophile granules, elongated; the 
nucleus located one end the cell. Only lobe the nucleus 
seen, the other most probably was lying different level the 
specimen. Several neutrophile leukocytes are seen. Endothelial 
cells are lining the capillary and what most probably undifferenti- 
ated mesenchyme cell lies close proximity the capillary wall. 
Some eosinophile leukocytes could observed the capillary wall, 
indicating possibly their migration from the blood vessels into the 
tissues. 

several instances the presence the eosinophile leukocytes 
was observed within the boundaries epithelium. Fig. shows 
eosinophile cell space between epithelial cells. The formation 
such epithelial extension very common the process inflam- 
mation the gingiva. some specimens several eosinophiles were 
found close proximity with neutrophile leukocytes within the 
boundary the epithelial cells. 


DISCUSSION 


The question arises—what the function these eosinophile 
cells the inflammatory reaction the pulp and gingiva? course, 
the answer the same found other literature: specific func- 
tion these cells known the present. The most plausible 
explanation seems their affinity (positive chemotaxis) for de- 
composition products tissues general, and probably degenera- 
tion epithelial tissue particular, which was first claimed 
Ehrlich and Lazarus. quite possible that allergic reactions play 
important role this connection, first supposed Schlecht. 
the inflammation the gingivae have continuous irritation 
and continuous tissue destruction present. The gingivae are 
traumatized the process chewing and other mechanical influences 
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which, inflamed tissues, will lead bleedings, not only toward the 
outside, but within the tissues themselves. often see our 
gingival sections, hemorrhages the subepithelial regions. The 
epithelium often badly destroyed and ulcers are formed loss 
the epithelial covering within the gingival pocket. The epithelium 
proliferates into the underlying, so-called granulation tissue. All 
these factors favor the explanation Ehrlich and Lazarus, well 
that Schlecht and Réssle. Tissue decomposition always 
present and repeated injuries take place. There are ample possi- 
bilities for allergic reactions, and the accumulation the eosinophile 
cells may expression this factor. 

There seems question the origin eosinophile leuko- 
cytes the pulp and gingiva. They migrate from the blood vessels. 
have frequently observed cells within the walls the 
capillaries. Their presence the capillaries, and the tissues 
the same time, quite proves their origin. methods investiga- 
tion were, course, not character permit entering into 
general discussion development and origin these cells and their 
granula. Only limited conclusions can drawn concerning this phase. 

the pulp the same local conditions are similar those the 
gingiva. Tissue destruction continuously going the carious 
process has penetrated into the dentinal tubules. First, the processes 
the odontoblasts become decomposed, bacterial toxins are carried 
into the pulp, and there good chance for chemotactic, well 
allergic, influence. 

Whether the function eosinophile leukocytes neutralize 
bacterial toxins, decomposition products proteins, not 
know. reasonable believe that they accomplish both. While 
their phagocytic activity has recently been recognized, does not 
seem their main function. 


SUMMARY 


Eosinophile leukocytes are found most chronic inflammations 
the pulp and gingiva, and also quite frequently acute in- 
flammations. 

The eosinophile cells migrate from the blood vessels into the tissues 
probably result some chemotactic influence. 
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possible, due repeated bleedings and tissue decomposition 
inflammatory process gingiva and pulp, that allergic condi- 
tions develop. This might account for the frequent accumulation 
the eosinophile leukocytes. 
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RELATIONSHIP BETWEEN TWO KINDS MEASURE- 
MENTS DENTAL CARIES 


HENRY SANDLER, D.M.D. 
Brooklyn, 


The two most accepted dental caries measurements, judged 
the frequency their use, seem the Bodecker Index (1) and the 
DMF (2). 

The Bodecker Index based upon the assumption that each 
the surfaces each tooth offers risk caries and that each 
surface unit. The Index the ratio between the areas affected 
caries and the total number areas which could possibly 
affected caries. 

The DMF measures the number teeth decayed, missing filled 
(per 100 teeth), disregarding the number areas affected. Both 
represent some measure the total caries experience the indi- 
vidual. Neither the measurements precise and each has some 
slight advantage over the other truly representing the caries picture. 

the purpose the following suggest that there direct 
and constant relationship between the measurements and that 
possible predict one from the other within reasonably narrow limits 
and there is, therefore, necessity for the use the more difficult 
method the measurement large numbers children. this 
relation constant other ages should possible make direct 
comparisons between data using different measurements reducing 
common base. 

sample 167 unselected children between the ages and 
was carefully examined with sharp explorers, mirrors and good 
light, using both methods notation. Twenty-five were found 
have caries and were not included the comparisons. Deciduous 
molars and canines were recorded missing these ages when 
absent condition requiring extraction. The presence decidu- 
ous teeth, permanent teeth, basis for comparison should 
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have little bearing upon the relationship the types measure- 
ment provided teeth are not counted missing when they would 
normally shed these ages. For this reason, deciduous incisors were 
not counted missing when absent from the mouth. 

Palmer, Klein and Kramer (3) have established the age distribution 
the eruption the permanent teeth and using the normal prob- 
ability curve have designated the ages which these teeth are likely 
erupt. Deciduous teeth missing these ages would not called 
for the records since their absence would normal. 

The total possible range Index for given DMF increases di- 
rectly with increase the number teeth affected. That is, for 
DMF tooth affected) there must least area affected 
and maximum areas affected the tooth. becomes ap- 
parent that prediction possible, the prediction Index from 
DMF apt more accurate the lower values than the 
higher. 

normally distributed population, from minus infinity plus 
standard deviations would include about per cent all observa- 
tions. this sample, the mean Bodecker Index was 0.85 
and the mean DMF was 31.6 0.12. Plus times the standard devi- 
ations would fal] approximately 30.2 Bodecker Index and 67.2 
DMF. unlikely that many observations from similar popu- 
lation will have more than 67.2 per cent teeth affected caries 
that the Bodecker Index will exceed 30.2. 

Although this sample not normally distributed, could 
expected that with greatly increased numbers, approximation 
normality would attained. The high values would compara- 
tively infrequent occurrence and the prediction more reliable. 

Examination the scatter diagram seems indicate that 
the relationship could best fitted second degree parabola 
.05X .01 X?. 

However, Blakeman’s criterion linearity applied the data 
seems indicate that the relationship could linear since the cor- 
relation ratio .925 and the coefficient correlation +.88 0.08 
(4) and the difference very small. 
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Assuming that the relation linear, the regression 
the distribution approaches normal (as probable large numbers) 
that the prediction Bodecker Index from DMF will reasonably 


Bodecker 
Index 


= / 


Scatter diagram the relationship between the Bodecker Index and DMF—142 


TABLE 
Observed and predicted values Bodecker Index from DMF 5.8) 
MEAN MEDIAN 
Bodecker index 10.0 3.8 15.1 
Bodecker index 10.0 3.4 8.7 15.2 
Difference observed and 0.4 1.6 0.1 


accurate within 3.5 Index. Or, about two-thirds any large num- 
ber predicted Indices may expected fall the line regres- 
sion within 3.5 Index. 

order assured the accuracy the relationship, differ- 
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ent age group 241 children, ages were similarly measured. 
The Coefficient Correlation (r) was +.87 .02 and Correlation 
Ratio .955. will noted that the measurements have about 
the same degree relationship this group well. 

order test the accuracy with which Bodecker Index values are 
predictable from DMF the present data, the observed Means and 
quartiles were compared with the predicted Index values (Table I). 
The differences are well within once the standard error the re- 
gression line each case and could easily due sampling errors. 


CONCLUSIONS 


There high degree correlation between the Bodecker Index 
and the DMF and seems probable that the measurement 
large numbers the Bodecker Index can predicted within reason- 
ably narrow limits from known DMF. 

therefore suggested that large scale dental examinations the 
DMF adequate for the purpose. view the greater amount 
time required the Bodecker notation, and the comparatively 
easier and cheaper cost examining DMF, funds can more 
efficiently expended limiting dental examinations DMF. 
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CORRELATION BETWEEN PERIODONTAL DISEASE 
AND CARIES 


SAMUEL CHARLES MILLER, D.D.S., anp BENJAMIN SEIDLER, A.B., 
New York University, College Dentistry, New York, New York 


The antagonism, inverse correlation, between caries and peri- 
odontal disease has been the subject much discussion among the 
members the dental profession for some time. The literature 
itself highly controversial regard the relationship between 
these factors. far are aware, actual proof relation 
has ever been offered. Many writers imply the premise that the two 
are antagonistic and advance various theories explain the existence 
this inverse correlation. Broderick (1, interpreted the in- 
verse relation the result biochemical phenomena, e.g., alkalosis 
acidosis. stated that tendency toward sympathicotonia 
produces decreased alkalosis, increased acidity, associated with 
lymphocytosis, and brings about caries. the other hand, con- 
dition vagotonia causes eosinophilia and increased alkalinity 
which associated with the production pyorrhea. opposed 
Broderick, Citron (5) and Landgraf (6) reported diminished al- 
kalinity the blood pyorrhea. Waiss (7) found neither the 
above and stated that the alkali reserve his cases pyorrhea was 
well within normal limits. 

Bodecker (8) said Broderick, statements this subject 
are clear and logical that they should convince the open-minded.” 
Kritchewsky (9) explained the apparent antagonism the basis 
speed reaction—an accelerated circulation bringing about con- 
dition caries; slowed circulation favoring the development 
pyorrhea. Waugh (10) reported that primitive Eskimos were free 
from caries but had great deal periodontal disease. 

The theory speed reaction was also proposed Cahn 
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(11) who stated, common knowledge that teeth this type 
(pyorrhetic) are free from outstanding lesion the 
pulp pyorrhetic teeth interstitial calcification often strongly 
Carious teeth usually have hyperemic Cahn presented 
case diabetes year old girl who showed periodonto- 
clasia and caries, both the result faulty addition, 
explained McCall’s assertion that occlusal trauma could cause 
caries the hypothesis that occlusal trauma would cause hyperemia 
the pulp which then could lead dental caries. However, since 
McCall attributes per cent periodontal disease occlusal 
trauma, this one factor may credited with causing both caries 
and periodontal disease which Cahn deems antagonistic. 

Wissotsky (12) similarly attributed the inverse relation differ- 
ences the pulp tissue. proposed that when the number 
fusiform cells the pulp was increased, pyorrhea paradontosis 
would develop. the other hand, increase the number 
round cells was assumed bring about condition caries. 

Colon (13), Imbert (14) and others proposed that the antagonism 
was due structure. Well calcified, yellow teeth are considered 
more resistant caries and more susceptible periodontal disease. 
The reverse believed true for white teeth with transparent bluish 
enamel. Imbert, unlike many the preceding authors, associated 
caries with hypothyroidism and pyorrhea with hyperthyroidism. 

The foregoing theories the etiology caries were refuted 
Bunting (15). expressed disbelief that density and strength 
teeth were basic factors susceptibility caries. forces 
which determine the disease (caries) are resident not the tooth 
itself, but its environment. the early stages caries least, 
the tooth plays passive 

Karshan and Rosebury (16), and others have related the saliva 
this problem. Karshan and Rosebury have shown elevated cal- 
cium level the saliva associated with calculus deposition and 
lowered level associated with caries. However, Bunting (15) 
presented evidence which seemed disprove the effect calcium, 
phosphorus and the saliva the teeth. Davis (17) reported 
that the buffer quotient saliva was the same (1.5 3.0) for both 
pyorrhea and caries immune cases. 
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number authors have ascribed neurogenic factors (18), civili- 
zation (19), evolution (20) and poor dietary regime (21) being 
causes both caries and periodontal disease. there the 
opposite extreme; the two factors are given the same etiology and 
described running parallel course. Evidence positive cor- 
relation was presented Begg (22) who examined the skulls 
aborigines and found great deal wear due coarse food. This, 
believed, caused the notable absence caries and pyorrhea. 

Contrary Waugh (10), Barnes (23), his work the inhab- 
itants Tristan Cunha, showed that rise the incidence one 
the factors was associated with increase the other factor. 
“The low incidence dental disease found 163 inhabitants 
Tristan Cunha 1933 prompted second examination the 
whole population 182 persons. was found that the percentage 
carious teeth had increased 4.2 per cent compared with 1.84 
per cent the examination five years previously. Gingivitis had 
increased from 3.21 26.20 per cent; pyorrhea from 1.22 4.30 per 
cent....The habits and diet the community had not changed 
except for increase the consumption flour and sugar and the 
use the toothbrush.” 

Similarly, Mills (24), who investigated the geographic distribution 
caries, showed that the farther south one went, the less caries there 
was. reported that had received personal communication 
from Kehoe which stated that during series physical exami- 
nations considerable number Mexicans all ages, saw 
practically caries. Dental service facilities and pyorrhea were 
also non-existent. 

The positive correlation indicated both Barnes and Kehoe agrees 
with the opinion Abt and Farmer (25) their studies vitamin 
and Bessey and Wolbach (26) their studies vitamin These 
workers seem feel that both the vitamins have direct relationship 
with both caries and pyorrhea. 


PURPOSE AND METHOD STUDY 


This study was undertaken attempt clear some the 
existing confusion. was endeavored determine mathematically 
whether any significant correlation exists between the factors and 
whether this positive negative one. For this purpose, 
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series 1,003 cases was studied. The extent caries involvement 
and periodontal experience was tabulated for each patient. From 
the tabulation, coefficient correlation was computed. 

The term disease” vague. Because alveoloclasia 
the most widely accepted symptom result the disease, was 
preferred use this criterion rather than simple gingivitis. 
addition, quantitative determinations the destruction can 
more precisely estimated and the study would more objective 
and could duplicated more easily. Only radiographic series, chosen 
random, were studied. eliminate number confusing issues, 


TABLE 
Distribution patients and per cent requiring periodontal treatment according sex and age 
PER CENT REQUIRING PERIODONTAL 
wien NUMBER OF PATIENTS TREATMENT 
Male Female Total Male Female Total 


only those series which contained least teeth were included. 
These radiographic series were those patients ranging age from 
who appeared New York University College Dentistry 
for treatment the clinic. Diagnosis these cases was sufficiently 
complex necessitate radiographic study the entire mouth. 

order learn the incidence both caries and periodontal disease 
they are related sex and age, the group was divided into age 
classes years each. The classes were further subdivided into 
sex categories (Table and fig. /). 

Data for each patient were recorded form corresponding 
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the particular sex and age group. The form included the chart 
number, name, age and sex, whether periodontal treatment was 
required, and provision for computation both the caries and perio- 
dontal index. 

Bodecker’s modified dental caries index (28) was used the compu- 
tation the caries index particular radiographic series. 

The number missing teeth was recorded and was taken into 
account whether these members might not have been lost through 
periodontal involvement rather than caries. eliminate, much 
possible, subjectivity reading the radiograms, the form contained 
columns—a high, low and average multiplied The high 
figure equaled the number missing teeth minus the minimum 


= 


4 

NSS 


Fic. Distribution patients according sex and age 


number that could have been lost periodontal disease; the re- 
mainder was multiplied The low figure was times the differ- 
ence between the total number missing teeth and the maximum 
number teeth that might have been lost through periodontal in- 
volvement. The third column contained the average the high and 
the low figures. The sum the number surfaces containing fillings 
and cavities and the respective “multiplied figure yields differ- 
ent totals, i.e., high, low and average caries index. Because the 
differences between the figures were subsequently found 
very little significance, only the average figure was considered. 

The relative amount bone destruction was used the index 
periodontal disease. For accuracy, the dental arches were divided 
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into maxillary and mandibular; these were further subdivided into 
anterior and posterior segments. The extreme amounts periodontal 
experience for each the segments were recorded and 
index was ascribed segment when there was bone dissolu- 
tion evidenced; units were given when the bone was destroyed 
the apices the teeth. index units was recorded when half 
the bone segment had disappeared. Units and were 
estimated fractions 3and Thus, each case had periodontal 
numbers corresponding the arch segments, the sum which 


TABLE 
Periodontal index patients and per cent showing bone destruction each sex 
and age group 
Male Female Total Male Female Total 
21-25 1.8 2.9 2.4 
26-30 3.4 4.0 3.8 
31-35 5.9 5.3 5.6 
36-40 8.7 5.8 7.1 
41-45 8.1 5.3 6.7 
46-50 8.2 6.3 7.4 
56-60 8.5 7.7 8.3 


gave the periodontal index that particular patient. The index 
ranged from 20. 


addition, the bone type was recorded, i.e., whether slow, rapid 
arrested (Miller’s classification (29)). This information will 
used future report. 


RESULTS STUDY 


Females predominated slightly; there were 511 females 492 
males. The greatest density cases lay around the age groups 
from 45, which included 460 cases. 

tabulation the patients requiring periodontal treatment (Table 
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revealed that per cent the males required such therapy 
compared with per cent the females and per cent the entire 
group 1,003 cases. Those included the study had radiographic 
examinations for the purpose periodontal diagnosis. Patients 
not need periodontal treatment had radiographs taken for either 
prosthetic operative reasons. 

The mean periodontal index was determined for each sex and age 
group was found higher for males than for females 
—6.3 compared with 4.9 for the females. The average the entire 
group was found 5.6. There rather constant increase 
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Fic. Graph showing relationship periodontal experience sex and age 


periodontal index for the males until the age group from 
after which period shows material fluctuation. the other 
hand, the periodontal index for females presents gradual increase 
with age. 

The number males with bone destruction was slightly less 
than the number females—17 per cent compared with per cent 
the females. There seems increase the number males 
showing bone dissolution after the ages from 45. These 
are probably cases highly resistant periodontoclasia. Females 
show rather uniform percentage those with destruction beyond 
the age 36. 
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The greater susceptibility the male the periodontal factor 
which has already been indicated the higher index confirmed 
the finding that males were more need periodontal treatment 
and that fewer males evidenced bone dissolution. 

will seen from fig. that the periodontal index for the entire 
group rises sharply until reaches the ages from 40. After 
this, the slope becomes decidedly less steep and rises irregularly. The 
greatest difference the periodontal index between the sexes lies 
the age groups from and from 45. 


TABLE 
Caries index patients and average number missing teeth each sex and age group 
CARIES INDEX AVERAGE NUMBER OF MISSING TEETH 
AGE GROUP 
Male Female Total Male Female Total 
11-15 2.1 1.8 1.9 
16-20 2.8 2.0 2.4 
26-30 4.7 5.8 5.3 
36-40 8.1 7.6 7.9 
41-45 7.5 9.8 8.6 
46-50 7.8 8.4 8.0 
51-55 8.7 10.9 9.5 
56-60 9.0 10.5 9.5 


Similarly, the mean caries index was computed for each sex and age 
group (Table III). The females were found relatively more 
susceptible this factor than the males who showed less resistance 
periodontal disease. The caries index was found for females 
compared with for males and for the entire group. The 
caries index for males remains quite constant after the age 31. 
Females seem evidence increase index beyond that age. 

Females manifested the greater number missing teeth, 7.4 
compared with 6.8 for males. would expected, the number 
lost members increases gradually with the greater age the patient. 

will seen from fig. that the caries index for the total group 
increases rapidly until reaches the ages from when the 
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acceleration the curve approaches zero. There slight rise 
the curve beyond this age group. The greatest difference caries 
index between the sexes lies the age group from 45. 

When the data are studied according sex, antagonism between 
the factors seems exist. Females are more susceptible caries 
and more resistant periodontoclasia; males have the reverse relation. 
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Fic. Graph showing relationship caries index sex and age 


DETERMINATION THE COEFFICIENT CORRELATION 


Because the most obvious antagonism according sex existed 
the middle age ranges and because great concentration cases lay 
there, the coefficient correlation, was computed for males, 
females and the total population ranging age from 
further obviated the possibility age influencing the findings too 
greatly, the spread small. addition, these age groups present 
the fewest extremes either factor. The population consisted 572 
cases which 274 were males and 298 were females. Scatter dia- 
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grams (figs. and were first plotted for 117 males and 123 females 
selected random from the middle age group. These scatter dia- 
grams show such wide spread that line regression could 
plotted characterize the data. From this, seemed most likely 
that correlation between the factors existed. 


Fic. 
Fic. (Left) Scatter diagram showing relationship between caries index and perio- 
dontal index 117 male patients selected random from the 31-50 years concentrated 
age groups. Note the wide spread points. 
Fic. (Right) Scatter diagram showing relationship between caries index and perio- 
dontal index 123 female patients selected random from the 31-50 years concentrated 
age groups. Note the wide spread points. 


However, for certainty, and order obtain definite mathe- 
matical description the extent correlation, the coefficient 


correlation was computed the product moment formula, 
which, 
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Substituting, the coefficient correlation (r) for the concentrated 
age group 572 cases was found —.09. addition, the co- 
efficient correlation for males was found —.03, and for fe- 
males —.01. 

different stages during the progress recording the data, 
coefficients correlation were computed for sets separate and 
independent data. One the reasons for adopting this procedure, 
was eliminate much possible the effects chance sample 
the results. was intended determine whether the coefficients 
obtained from the several samples gave evidence either the presence 
absence relationship. Another purpose was provide 
opportunity for the experimenters reexamine the techniques em- 
ployed eliminate any factors tending prejudice the results 
either direction. After the second sample, reexamination re- 
vealed necessity for the alteration the techniques employed. 

For the first sample containing 166 cases and ranging age from 
45, the coefficient was computed —.20. These 166 cases 
included males for whom the correlation was —.11 and females 
for whom the correlation was —.19 (Table IV). 

The result the second sample which included 125 cases ranging 
age from was coefficient +.10. The males this 
group comprised cases and had +.11; the females 
numbering cases, showed correlation +.13 (Table IV). 

The last sample was larger than the preceding two. consisted 
239 cases ranging age from The for the whole 
sample was found The group contained 113 males and 
126 females and gave correlations +.03 and —.06 respectively 
(Table IV). 

was desired learn the effects the extremes age the 
correlation. With this mind, the correlation was 
computed for the entire group 1,003 cases and was found 
+.02 (Table IV). 
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According the “Null hypothesis” proposed Fisher, 
order for coefficient correlation (r) some significance, 
must more than times the standard error the correlation 
(or). coefficient within the value three standard errors prob- 
ably due chance and not considered statistically significant. 


The standard error the correlation, or, 


where 


equal the number cases the group and where assumed 
The standard error was computed for each the groups for 
which correlation was determined (Table IV). the correla- 
tions obtained were less than standard errors and, therefore, are 
significance. 


TABLE 
Showing the results the computation the coefficient correlation three different sets 
data the concentrated age groups, the total concentrated age group 
and, the group 1,003 cases 
Note that the standard error the correlation (or) each case more than one-third 
the coefficient*of correlation (r) 


MALES FEMALES COMBINED 

GROUP AGE 
r or r | or r or 
113 +.03 .09 126 —.06 .08 239 —.08 .06 
11-60 492 1,003 +.02 .032 


DISCUSSION 
will noted that all the coefficients obtained very closely 
approximate each other. The apparent antagonism between the two 
factors according sex not real one proven both the scatter 
diagrams and the mathematical computations 
the two sex groups. results obtained permit predictability. 
Given certain caries index, that patient may show very little alveolo- 
clasia, extensive alveoloclasia, none all. The reverse, likewise, 
true. most likely, therefore, that periodontoclasia and caries 

are entirely independent each other. 
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SUMMARY 


1,003 cases were studied radiographically determine the 
existence correlation between periodontal disease and caries. 

Bodecker’s modified dental caries index was used the computa- 
tion the caries experience radiographic series. 


The relative amount alveoloclasia was used the index 
periodontal disease. 


There seemed antagonism between the two factors 
according sex. Males were found more susceptible perio- 


dontal disease and females were found more susceptible 
caries. 


Coefficients correlation were computed three different 
groups cases ranging age from 50. was also computed 


the entire series 1,003 cases. None the coefficients obtained 
were statistical significance. 


There correlation between periodontoclasia and caries. 
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SALIVA AND ENAMEL DECALCIFICATION 
INTERPRETATION 


GORE, 
Philadelphia, Pa. 


previous reports and the source the ions saliva, 
which produce enamel decalcification, was discussed. subse- 
quent report (3) the source the protective ions was considered. 
the preliminary report (1) some the physical characteristics 
saliva, concerned with the localization the acids which produce 
decalcification specific areas the teeth, were considered. 
this report further consideration given the physical and chemical 
factors relation the various clinical forms enamel decalcifi- 
cation. 

Spontaneous precipitation mucin saliva probably due 
enzymic activity, and gradual process. 100 cc. stimulated 
saliva collected 100 cc. beaker quickly possible and 
allowed stand room temperature, will observed that the 
mucin starts separate, the lower portion the liquid becoming 
less transparent and the supernatant liquid more transparent. Grad- 
ually faint line demarcation can seen the gelatinous mucin 
precipitate forms. Slowly the precipitate becomes more dense and 
more opaque. about hour after collecting the saliva the mucin 
precipitate has settled the bottom the beaker, its volume now 
being about cc. allowed stand the precipitating mucin 
gradually decreases volume, becoming flocculent character, ac- 
companied decrease viscosity, and resembles the creamy de- 
posits frequently found gingival margins and interproximal spaces 
when prophylaxis has been neglected. 

When partial precipitation the mucin has taken place, 
standing about hour, the beaker held the light and ro- 
tated short distance the right then the left will seen 
that the precipitate adheres the bottom and sides the 
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beaker. the saliva gently rotated with glass rod the mucin 
precipitate becomes more concentrated and condensed about 1.5 
cc., creamy white color and very adhesive, and assumes globular 
form the center the beaker. Ifa rough spot exists the bottom 
the beaker the mucin precipitate will adhere that spot. After 
rotating the saliva most the supernatant liquid can decanted 
off. The remaining precipitate not pure mucin, but contains some 
the liquid which was suspended well epithelial cells, 
bacteria, etc. 

has been shown previous report (2) that concentration 
1.1 per cent fermentable sugar could attained the mucin 
precipitate obtained above described, from 100 cc. the author’s 
saliva high carbohydrate diet. 

These phenomena would seem offer explanation the locali- 
zation enamel decalcification within certain specific areas the 
teeth, and the various clinical forms enamel decalcification would 
seem largely matter different physical factors. Each night, 
during the sleeping period, the concentrated saliva slowly discharged 
from the salivary glands. The upper and lower arches being 
contact, nearly so, the saliva flows around the teeth, being confined 
those areas the tongue, cheeks and lips. Precipitation the 
mucin takes place, adhering any roughened irregular area. 
During sleep all muscular movements the lips, tongue and cheeks 
have ceased except occasional involuntary swallowing. 

study the act deglutition without food the mouth, 
will find that the teeth are brought together and the tongue flattened 
the floor the mouth displace the saliva laterally and forward 
the tip the tongue. The tip the tongue carried forward 
displacing the saliva upward; successive portions the tongue are 
then elevated forcing the saliva backward. These muscular move- 
ments the tongue prevent the accumulation the mucin precipi- 
tate the lingual surfaces the posterior and lower anterior teeth 
for any length time and rarely find decalcification occurring 
these locations the surfaces the teeth are smooth. 

The first movements the tongue swallowing force some the 
saliva through the interproximal spaces, when open, and between the 
occluding surfaces the upper and lower arches, further movement 
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the saliva being retarded the light contact the cheeks and 
lips the buccal and labial surfaces the teeth. These salivary 
currents cause the precipitated mucin condense and concentrate 
any roughened irregular areas, such pits, fissures, contact 
points and gingival crevices. The precipitated mucin then undergoes 
hydrolysis and fermentation with the formation acids (2). The 
time required probably influenced many factors, but has been 
shown (2) that can occur, from hours. 

Mucin precipitated its isoelectric point upon the addition 
acids (4). The isoelectric point salivary mucin has been placed 
Michaelis (5) between that serum albumin (pH 4.7) and serum 
globulin (pH 5.4). Inouye (6) prepared sodium mucinate from the 
submaxillary glands oxen standard methods, with minor varia- 
tions, and found “The reaction maximum precipitation 
tric mucin dilute acid 2.95 2.75.” 

The spontaneous precipitation the mucin the whole stimulated 
saliva, which probably due enzymic action, accompanied 
increasing turbidity, makes the determination the isoelectric point 
difficult, not impossible. This difficulty was overcome using 
the saliva separator (7). Forty cc. distilled water were placed 
the mandibular test tube and cc. the author’s mandibular 
saliva were collected, the whole being kept temperature 
0°C. during the entire experiment. Mandibular saliva was used 
because its high concentration mucin and low diastatic activity 
and the saliva solution kept low temperature and diluted fur- 
ther retard diastatic activity. This aqueous solution mandibular 
saliva was then divided into equal portions, one being used 
control, which remained transparent throughout the experiment. 
the other test tube, containing cc. distilled water and cc. 
mandibular saliva, drops N/10 HCl were added, then N/50 
added drop time until turbidity was produced. The iso- 
electric point mucin the author’s saliva was found 

large number experiments the minimum attained with 
the incubated saliva containing dextrose was 3.76, and with the 
saliva containing dextrose and tricalcium phosphate the minimum 


All determinations were made with the glass electrode the Beckman meter. 
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was 4.40. Controlled diastatic tests with starch and glycogen 
using the author’s saliva, showed that the amylolytic enzymes were 
active 3.7. 

Stephan (8) found the minimum plaques 4.60 and the 
minimum debris from cavities when the 
isoelectric point the condensed adherent mucin precipitate 
reached, due hydrolysis and fermentation the carbohydrate 
radical, more mucin precipitated that point. under- 
goes the same process the original deposit but hastened the 
greater H-ion concentration which facilitates hydrolysis and the 
proliferation certain types acidogenic bacteria, the acidity being 
greatest the surface the enamel and decreasing toward the sur- 
face the plaque. The whole process thus becomes self-perpetuating 
and the vicious cycle continues until disturbed mastication 
prophylaxis. protected areas, actual cavities, interproximal 
spaces, pits and fissures, prophylaxis neglected the process may 
become continuous. Carbohydrate food impaction may produce the 
same result, carbohydrate food particle may start the vicious 
cycle. Impaction carbohydrate food pits and fissures is, 
doubt, important factor this type decalcification. 

has been repeatedly observed that all plaques not produce 
decalcification. would appear from the experiments the con- 
trasting diets, recorded previous report (2), that the viscosity 
the saliva, which largely due its mucin content, not dependent 
the proportion carbohydrate the mucin. When the low 
carbohydrate diet was repeatedly observed that when the carbo- 
hydrate was its lowest concentration, P.M. the vis- 
cosity the mandibular saliva was greatest. While tests were 
made for viscosity, was marked unmistakable; great 
care had exercised while evaporating prevent the loss the 
saliva from extreme bumping. the ratio protein and carbohy- 
drate mucin constant would expect high percentage 
carbohydrate under these conditions, but the concentration was 
its minimum. 

would, therefore, seem that the ratio protein and carbohydrate 
mucin variable and the cosity the saliva indication 
its carbohydrate content. Friesell and Trescher (9) state 
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know that the type microorganisms that develop medium 
substrate, from mixture many kinds organisms, depends 
the nature the medium. carbohydrate substrate enhances 
the growth the aciduric types. The aciduric types produce acidic 
end-products; the putrefactive proteolytic types produce basic 
adequate decrease the ratio protein/ 
carbohydrate would favor the proliferation acidogenic bacteria 
with the formation acid plaque, and adequate increase 
the ratio protein/carbohydrate would favor the proliferation 
putrefactive bacteria with the formation alkaline plaque, this 
may account for the fact that all plaques not produce 
cation. 

described previous report (3) small areas enamel exposed 
incubated saliva containing dextrose and excess tricalcium 
phosphate undergo decalcification the intercolumnar substance 
and remineralization. lower incisor, having exposed area 
about mm. the center the labial surface the enamel, 
was kept the saliva-dextrose-tricalcium phosphate solution for 
months without any macroscopic change the enamel. was 
then imbedded modeling compound with the entire labial surface 
the enamel exposed and brushed with precipitated CaCO; 
and water for 1.5 hours, using medium stiff tooth brush. was 
brushed over the entire labial surface about equally all directions. 
Fig. shows how the area enamel which had been exposed the 
phosphate solution was less resistant 
mechanical abrasion than the surrounding enamel. Soft black wax, 
used carding artificial teeth, was pressed onto the whole labial 
surface and the excess was wiped away with the finger tip, showing 
the outline the abraded area for photographing. 

Fig. shows premolar, the crown which was macroscopically 
perfect. The occlusal surface was ground away the flat surface 
carborundum stone revolved lathe, exposing the dentin. 
The root and crown were then coated with colored nitrocellulose 
solution within mm. the ground surface. The tooth was 
placed saliva containing dextrose and excess tricalcium phos- 
phate, the previous experiment, for months. macro- 
scopic change occurred the enamel but the exposed dentin the 
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occlusal surface was either dissolved away shrunken below the edges 
the enamel, producing the typical appearance attrition fa- 
miliar the clinician. The dentin appeared polished but could 
penetrated, with effort, sharp explorer sufficiently hold the 
tooth suspended without other support. Soft black wax was pressed 
onto the whole occlusal surface and straight-edged knife was used 
cut down the enamel edges for photographing. 

now imagine the last conditions occurring simultaneously 
the thin enamel margin the gingiva, not difficult visualize 
condition recognized clinically brush erosion. 


Fic. Fic. 


previous report (3) was shown that when extracted teeth 
having small areas enamel exposed were subjected the action 
incubated saliva containing dextrose and excess tricalcium 
phosphate, dissolution the CaCO; the intercolumnar substance 
took place without affecting the enamel prisms. order deter- 
mine the theoretical the saliva which decalcification would 
occur, saliva containing dextrose was incubated for hours 
4.24; and saliva containing dextrose and tricalcium phosphate was 
incubated for hours 4.34. The test tubes were then 
placed boiling water for minutes destroy all enzymes and 
prevent decomposition, and gram (Baker’s) added both 
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solutions. After hours the test tubes were again placed boiling 
water expel the The following day the saliva containing 
dextrose had 7.71 and the saliva containing dextrose and 
tricalcium phosphate had 7.69. test tube containing 
cc. unstimulated saliva was placed water 70°C. for minutes. 
The CO, was expelled and test with starch showed that the amylo- 
lytic enzymes were destroyed, the being 6.74. One gram 
was added and shaken for minutes and again placed 
water 70°C. for minutes expel the the then being 
7.66. After being kept temperature about 6°C. for hours 
prevent decomposition, the final was 7.68. 

would seem from the above experiments that the theoretical 
which decalcification enamel can occur approximately 7.7. 
Enright, Friesell and Trescher their summary (9) state “Simple 
lactate- and citrate-buffer solutions ranging H-ion concentration 
from 4.0 8.0 dissolved tooth enamel the longer immer- 
sion the saliva rarely attains this degree alkalinity 
probable that some slight superficial decalcification the inter- 
columnar substance constantly but slowly occurring. Reminerali- 
zation the intercolumnar substance may occur (3), retarding 
stopping its progress; but the area has been rendered less resistant 
mechanical abrasion and the remineralized area worn away de- 
calcification and remineralization resumed. This may account for 
the gradual disintegration the enamel with advancing years and 
may account for penetrating stains, mechanical abrasion (brush 
attrition), erosion, cracks, increasing friability and senile caries. 

The type, degree and rapidity enamel decalcification depend 
upon the morphology and chemical composition (ratio 
the enamel, the concentration the saliva 
(first line defence) and the ratio 


Potential and concentration 
Potential H-ion concentration 
the precipitated mucin. 
SUMMARY 


The various clinical forms enamel decalcification, including pit 
and fissure, approximal, gingival, mechanical abrasion (brush 
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attrition), erosion, cracks, increasing friability, penetrating stains 
and senile caries are probably the result the chemical composition 
the saliva and the chemical and physical changes which take place 
the stagnant saliva. 
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DENTAL CARIES AND PERMANENT TOOTH EXTRACTION 
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Dental caries generally conceded the most prevalent path- 
ological condition our modern civilization. malady which 
has its inception during childhood and known affect the greater 
portion the population. examination the literature caries 
incidence Kléser (1) demonstrated over 500,000 German children 
that per cent were afflicted with the disease. More recent reports 
our country McCall and the extensive survey conducted the 
United States Public Health Service (2) indicate that almost per 
cent American children are affected. 

consideration the first permanent molar important studies 
dental caries because its early appearance the mouth makes 
the most vulnerable tooth the permanent dentition. fact, 
subsequent pulpal involvement and extraction common that 
certain investigators have considered valid regard the loss 
this tooth indicative the degree which individual sus- 
ceptible the attack caries. the basis the present study, 
are agreement with this concept. 

The space devoted the care and retention the first permanent 
molar our newer manuals pedodontia indicates the growing 
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appreciation for this tooth maintaining the normal functions and 
masticatory efficiency the oral cavity (3, 4). Its importance 
emphasized orthodontically because realized that preservation 
this tooth one the prime requisites for the establishment and 
preservation ideal occlusion (5). 

The possession statistical information relative the loss the 
first permanent molar and the age which occurs offers one the 
best methods for making accurate correlation between early loss 
and the resulting clinical sequelae often found adult dentitions. 
Moreover, since tooth loss important physical defect, such ac- 
cumulated evidence shows that dentistry plays necessary part 
most health programs. Undoubtedly, its neglect childhood con- 
stitutes health problem major proportions. Statistical informa- 
tion, such are offering, may some time help providing 
explanation the causation caries and assist outlining more 
effective measures for its control. For these reasons, therefore, 
has seemed value analyze sufficient number records the 
condition the first permanent molar would contribute toward 
the establishment the rate loss this tooth basis consistent 
with caries-causation factors operating most our civilized coun- 
tries today. 


SOURCE MATERIAL 


part more extensive survey, which was aimed primarily attempt 
establish normal age-sex-tooth-caries curve for grade school children, records were kept 
all the permanent teeth which required extraction. this paper, treatment the 
data concerned with the total loss such teeth considered with emphasis placed upon 
the mortality the first permanent molar. The records 8,677 children, ranging 
age from years (inclusive), were used compiling the figures. 

The case histories examined were from the files the pedodontic departments the 
Children’s Hospital and Dental School, State University Iowa, collected between the 
years 1922 1937. Records first examinations were used, and only those were selected 
which covered children who had not visited dentist for least year. Prior that 
time most the patients had visited their dentist our clinic. was hoped that this 
method selection would emphasize the value periodic dental care. The hospital 
cases were drawn from the entire state, but only those children who were believed not 
have organic disturbances which might affect the teeth were included for study. Aver- 
age-class families normal health, diet, and socio-economic status predominated. 
believed that normal cross-section Mid-western school children represented and 
the sample sufficiently extensive offer favorable basis for comparison with other data 
similarly collected and reported. 
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The technique employed this study for evaluating tooth loss worth noting. 
the matter recording, the charts reviewed included only those patients with teeth 
beyond conservative treatment and indicated for extraction the time examination. 
(Although few number, patients with very recent extractions are considered this 
classification.) will indicated, this method has served the dual purpose es- 
tablishing the rate loss the teeth for each the age groups well conveying basic 
information used compiling cumulative loss data. 


RESULTS 


treatment the data, the children were divided into male and 
female groups and each sex subdivided according age last 
birthday. Although this the usual method expressing age, the 
actual mean recording would give advance one-half year. This 
latter more accurate type recording but has not been used 
this report since was felt that the data would more conducive 
other comparisons its present form. Tabulations were maintained 
separately for right and left sides and maxillary and mandibular 
arches. 

The results the analyses the available material will presented 
the following order: (1) The data for the first permanent molar 
will given detail and then compared with (2) the data for the 
other permanent teeth. The former will grouped under the fol- 
lowing headings: (a) The comparison losses the right and left 
sides the same jaw; (b) The comparison losses the upper and 
lower jaws; (c) The relative losses males and females; (d) The 
average rate loss each age; The cumulative loss with age 
increase; and (f) The evidence for comparatively high rate tooth 
loss prior puberty. Whenever possible, similar data which has been 
reported the literature will cited and coordinated with the topic 
discussed. 


First Permanent Molar 


Table represents the manner collection and distribution the 
data for each year all the children studied. There are 4,239 males 
and 4,438 females. The number individuals each the age 
groups quite evenly the horizontal and vertical 
Data the children different ages presume that the population each division 


representative similar population large. Sufficient cases are present each 
instance allow this assumption. 
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columns, loss recorded the frequency indicated extractions 
each age group, right and left sides, and maxillary and mandibular 
arches each sex. 


TABLE 
Numerical loss first permanent molars* 
NUMBER OF TEETH LOST 


AGE 


Total Upper Lower Age 
grou 
Male 
All ages 4,239 170 212 
Female 


Data are totalled separately for males and females various age groups. Total 
losses are given for maxillary and mandibular teeth well for right and left sides 
the jaw. 


Table designed facilitate comparison between samples 
similar data. The table self-explanatory regarding the factors. 
The greater the value the difference proportion above twice the 
standard error (the limit significance set the formula), the more 
significant the comparison becomes, regardless the positive nega- 


TABLE 
Evaluated comparisons first permanent molar loss* 


NUMBER! DIFFER- | STANDARD 


NUMBER SIGNIFI- 
(n) (a) 
Male Right maxilla 4,239 .00094 .00153 None 
Left maxilla 4,239 
Right mandible 4,239 .00000 None 
Left mandible 4,239 
Total maxilla 8,478 .01510 .00172 Yes 
Total mandible 8,478 170 
Female Right maxilla 4,438 .00045 .00199 None 
Left maxilla 4,438 
Right mandible 4,438 .00541 .00296 None 
Left mandible 4,438 
Total mandible 8,876 172 
Female Total maxilla 8,876 
Male Total mandible 8,478 170 .00067 .00302 None 
Female Total mandible 8,876 172 


Male Tot. max. and mand. 16,956 212 .00158 .00175 None 


Male Tot. max. and mand. 212 .00155 .00176 None 


Significance compared factors obtained the following method: 
proportion tooth mortality. 


when ng, the difference between for compared factor 


one and for compared factor two. 


nh ne n 


d-value considered statistically significant when more than twice its standard 
error. 


Comparisons based upon ratio all missing first permanent molars total possible 
erupted teeth. Data evaluated for right and left sides the jaw well maxillary 
and mandibular teeth each sex. 


Number molars present calculated from percentages Klein and Cody (26). 
$75 
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tive expression. For example, there greater evaluated difference 
compared maxillary and mandibular loss the male group 
than the compared loss the female group, yet each pair evaluates 
positively. 

Right vs. left side: generally stated that tooth eruption and 
the occurrence caries teeth are symmetrical and bilaterally equal, 
(6, 10, 11) but Driak (12), Brekhus (13), and Hyatt (14) be- 
lieve the incidence slightly higher the left side. may 
mentioned, however, that have considered the figures the latter 
papers and found that there not significant difference between 
sides beyond the probable error observation. 

the data presented Table there remarkable uniformity 
loss between the right and left sides the mouth the male group, 
difference between the corresponding sides the upper teeth 
the female class, and only moderate variance the lower. None 
these comparisons are significant when weighed statistically (Table 

Upper vs. lower jaw: When maxillary and mandibular tooth 
damage comparisons are made, more accurate appreciation caries 
susceptibility attained only consideration the individual 
teeth. This can illustrated few example reports. The in- 
vestigations Day (7), Driak (12), and Cohen (15) indicate that the 
occurrence cavities greater the upper jaw. (1), who 
averaged the figures published observers, confirms this deduc- 
tion. His collective report shows that the comparative frequency 
caries the upper and lower jaw 6.9 The high frequency 
attack maxillary incisors compared the relative immunity 
the mandibular incisors, believed, was responsible for the difference. 
were not for this, the caries frequency the other teeth would 
serve reverse the ratio. 

The more recent work Klein, Palmer, and Knutson (11) supports 
conclusions. their use the evaluation stand- 
for miscellaneous group, similar the one have studied 

This term, introduced and used Klein, Palmer, and Knutson, used for pur- 
poses precision and brevity. The “DMF” (decayed, missing, filled) abbreviation 
designed facilitate the consideration all factors concerned the carious process 
and this way expresses the complete caries experience individual. They state, 


however, that applicable only permanent teeth, since definite decision not 
always possible whether missing deciduous tooth has has not been carious. 
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they were able show that per cent the caries experience the 
lower jaw contributed the first molar, whereas only per cent 
contributed the first molar the upper jaw. 

The age groups studied the present report would confirm the 
findings Klein, Palmer, and Knutson. The data fig. show that 
there marked and uniformly higher rate loss the lower first 
permanent molars. Total numerical loss the mandible for all the 
cases studied was 342 teeth; the maxilla 120. other words, loss 
the mandibular teeth accounts for more than per cent the total. 


AVERAGE SEX-AGE FIRST PERMANENT MOLAR RATE 
OF LOSS PER 100 CHILDREN 


MAXILLARY MOLARS 
MOLARS 


“3 
i3 i 
AGE 7 8 9 W tl t2 13 14 AVE 7 8 91d tt 1213 14 ave 


MALE FEMALE 


MOLAR LOSS 


were discuss the factors responsible for the wide variation 
loss frequency for the first permanent molar between upper and 
lower jaws, undoubtedly would led into consideration 
many theoretical and concomitant caries-producing agents. Suffice 
mention here, however, only one factor which might have in- 
fluence this observed difference, namely, the post-eruptive age 
the tooth. Many workers have found that the mandibular molars 
erupt earlier and the main period eruption little shorter than for 
the maxillary molars (6, 16, 17). this true and caries pro- 
ducing agents are present the mouth, these mandibular teeth are 
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exposed carious conditions over longer period time, and 
logical expect higher percentage would carious any given 
age the child. 

Male vs. female: The majority the literature (1, 11, 12, 13, 15, 
16, 18, 19, 20, 21, 22, 23, 24, 25) indicates that the permanent teeth 
females are more subject caries and extraction each age than 
those the opposite sex. has been logical assumption that the 
cause this that girls’ teeth are more rapidly destroyed. The 
validity this, however, lacks statistical confirmation. Moreover, 
there are reports the literature which even suggest that males have 
higher percentage defective teeth than females the same 
age (7, 15). 

Klein and Cody (26) have been able show group studies that 
the mean number erupted permanent teeth greater for girls 
each age than for boys. This finding confirms the reports Suk (6), 
Cohen (8), and Livy (17) and harmony with studies that show 
females more mature physiologically other respects during 
these years (27). Adjusting the caries index the posteruptive 
tooth age, Klein and Palmer (28) could find difference caries- 
susceptibility between males and females, concluding from this that 
girls show greater susceptibility attack dental caries. 

Our data show that, while there statistical difference loss 
maxillary teeth between the sexes (Table II, Comparison 7), the 
total missing molars from both jaws show significant variation 
(Comparison 9). this comparison, calculation loss based 
4,239 females order allow for direct comparison with males. 

Using the eruption data Klein and Cody (26) basis for the 
percentage first permanent molars which should the mouths 
our children each age (assuming these teeth are the first erupt 
[16, 26]), again compared sexes (Table II, Comparison 10). 
this procedure, the results show that the likelihood significant 
variation between sexes even further lessened. 

Average loss: Table III presents the results calculations 
the average loss for each age studied. The sum the affected teeth 
divided the number cases and multiplied 100 gives the number 
per 100 children. Fig. shows graphically this average rate loss 
the first permanent molars from ages 14, inclusive. 
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interest note the high frequency extraction represented both 
sexes the younger age groups. 


TABLE 
Rate loss and cumulative loss first permanent molars per 100 children each age group, 
classified sex 
Male 
Female 
Total 
Male 1.3 
Female 3.8 
Total 2.2 
Male 3.4 
Female 2.0 5.8 
Total 5.4 
Male 4.7 9.8 
Female 4.7 10.5 
Total 4.7 10.1 
Male 4.7 14.5 
Female 6.0 16.5 
Total 5.4 15.5 
Male 8.2 22.6 
Female 9.4 25.9 
Total 8.8 24.3 
Male 11.3 33.9 
Female 13.4 39.3 
Total 12.3 36.6 
Male 7.6 41.5 
Female 12.2 
Total 9.9 46.5 
All ages Male 5.0 
Female 5.6 
Total 5.3 


must recalled that, with increase age, account has been 
taken previous loss recording the extraction data. Therefore, 
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for each given advance age there decline the total number 
vulnerable teeth. The figures, then, the higher age groups actually 
represent greater caries susceptibility than evident from the find- 
ings any given period. 

Cumulative loss: Because the dental hard tissues lack the power 
recovery regeneration after damage has been inflicted, the mani- 
festations caries tooth loss must considered cumulative 
affliction. The literature this respect, however, not altogether 
consistent. (15) caries figures show that the age 
years approximately per cent the molars are defective. Brekhus 

CUMULATIVE LOSS PER 100 CHILDREN 


FIRST PERMANENT 
MOLARS 


FEMALE 


AGE YEARS 


Fic. 


(13) has determined that the time child reaches the age 
years, there loss per cent the first permanent molars for 
boys and per cent for girls. For age group similar ours, Day 
(29) reported that 20.3 per cent all first permanent molars are 
missing need extraction; Hyatt (14) gives 13.5 per cent for 2101 
high school girls studied him. Our cumulative loss figures are 
somewhat higher than any these. 

the last column Table III have determined total loss 
counting not only those permanent molars showing extreme decay 
and indicated for extraction the time, but also missing teeth added 
from previous yearly figures. Fig. graphically presents this sum- 


10 
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mation terms yearly increments. The cumulative loss per 100 
patients for all ages nearly 46.5 per cent. other words, nearly 
half the children had lost are destined lose early age 
their life from their first permanent molars. This 
appalling percentage. 

Rate tooth loss prior puberty: The dental literature not 
clear what constitutes the period life greatest carious ac- 
tivity. Brekhus and Armstrong (18) believe that the greatest carious 
damage the permanent dentition inflicted before near the time 
puberty, yet they say that the percentage extractions increases 
very rapidly age advances. (1) states hisreview that dental 
caries definitely related development the human organism and 
that deterioration the teeth and loss weight lack develop- 
ment can proved figures. Hollander and Dunning (24), the 
other hand, relate caries incidence and extraction and submit evidence 
show that both start early life, are presistently destructive 
throughout life, and abate only when all the teeth are lost. 

Although realize our figures not justify conclusions beyond 
the adolescent years, they are sufficient indicate that incidence 
tooth loss very high the years prior this period, least for the 
first permanent molars. The smooth curves fig. show steady 
yearly increase tooth loss until years age reached. 
between the ages and years, the rate loss had continued 
mount the same average yearly rate (for both sexes), there would 
have been loss 14.1 teeth per hundred children years instead 
the observed 9.9. This then represents slight decline the rate 
average increase for the period. result, the extraction figures 
show that, general, between and years, caries uniformly 
destructive process, and, near years age, there apparent 
slight decrease its activity. The reduction the rate additional 
loss can attributed part, but wholly, decrease the re- 
maining number extractable teeth which are present the oral 
cavity this age. 


II. Other Permanent Teeth 


the 520 permanent teeth lost, the tabulated data show that 462 
were first permanent molars, premolars, and other permanent 
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teeth. The tooth lost next frequency the first permanent molar 
the premolar. Table gives the average loss this tooth for 
each year. the total assumed 36,044 first and second premolars 
studied, only 0.7 per cent are destroyed. This marked contrast 
the high loss experienced the first permanent molar. 


COMMENT 


discussing the question normal occlusion children, the White 
House Conference Reports (27) state: the individuals 
according their chronological ages, was found that the age 
the percentage normal was 67, and that with increase age 
decrease the relative frequency the normal occurs. years 
age girls and boys, the normal occlusion about one- 


TABLE 
Numerical loss premolars 
AGE NUMBER OF PATIENTS ae MISSING “anaes 
1,279 
1,280 
1,115 
962 
509 


third frequent the age This they believe due the 
appalling number teeth extracted, either permanent deciduous. 
Our figures would indicate that the malocclusion developing during 
these age limits aggravated chiefly first molar loss. 

the percentages total tooth loss are compared, clearly 
evident that, the dentition such juvenile group have 
studied, caries (as evidenced tooth loss) largely problem 
the first permanent molars. addition, interest note that, 
although all first permanent molars contribute more than per cent 
the total loss, the lower first molars alone contribute 65.8 per cent. 

While realized dental health examination should not merely 
matter looking mouths for gross defects, the object many 
inspections, except those made the dental office, carry informa- 
tion relative the general oral condition large group for use 


CARIES: EXTRACTION STATISTICS 583 


comparative studies dental caries. Since extraction incidence 
closely dependent caries frequency, would seem logical, 
therefore, accept method for indexing groups based upon per- 
manent tooth loss suggested Wisan (30). Our study would 
serve demonstrate that sufficient dependability can expected 
from figures giving extraction incidence such teeth or, means 
further simplification, consideration extraction data the 
first permanent molars alone, since they make the bulk the loss. 
Such method would simple, rapid, and special advantage 
age range where the deciduous dentition being replaced the 
permanent teeth. 


SUMMARY AND CONCLUSIONS 


study permanent tooth extraction incidence 8,677 children 
has been reported. Comparisons first permanent molar loss ac- 
cording sex and location the mouth have been made and the 
findings subjected statistical evaluation. Related data reported 
the literature have been correlated whenever possible. diff- 
ence demonstrable for loss between the right and left sides the 
mouth for either sex. The loss mandibular teeth for each age 
group both sexes consistently higher than the maxillary. Al- 
though the losses maxillary molars are significantly greater girls, 
the total female extractions are not statistically different from the 
males. The average cumulative loss molars per 100 patients for 
all ages studied nearly per cent before the children reach the 
age years. 

our observation that the greatest damage the permanent 
dentition takes place relatively early age life. This accom- 
plished primarily the loss first permanent molars. near 
puberty there slight decrease the yearly increment extraction. 
Loss the other permanent teeth seems insignificant the groups 
studied. 

The value this study establishing for caries 
susceptibility has been stressed. The detailed classification ex- 
traction incidence into age groups intended convey sufficient 
information the profession warrant realization that more 
first permanent molars are saved, early systematic care and 
treatment are necessary. From the study hoped there will arise 
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better understanding the oral conditions average child for 
any given age, who not fortunate enough receive the periodic 
benefits dental care advocated pedodontists. 
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THE SECRETION INTRAVENOUSLY INJECTED 
FLUORINE THE SUBMAXILLARY 
SALIVA 


WILLS 


Department Physiology, University Rochester School Medicine and Dentistry, 
Rochester, 


Recent work has shown that dietary fluorine can some manner 
decrease the incidence dental caries both man (3) and experi- 
mental animals (6). One way which such prophylactic action 
might occur would passage the fluorine into the saliva, where 
would presumably have some sort direct effect decreasing 
enamel solubility (8) bacterial acid-production (2). this 
account seemed desirable investigate the passage fluorine 
from the blood the saliva. The experiments reported here were 
designed this end. They also serve compare the behavior 
fluorine with that its close relative, chlorine. 


Radioactive halogens were used allow ready identification the injected material 
blood saliva. Radioactive fluorine was produced proton bombardment the 
oxygen distilled water; radioactive chlorine was prepared deuteron bombardment 
the ordinary isotopes lithium chloride. The fluorine was administered solution 
containing mgs. sodium fluoride the volume injected and made isotonic with 
sodium chloride. Chlorine was injected isotonic solution lithium chloride, 
about 150 mgs. this salt being administered. 

Determination the radioactivity the samples was made with Geiger-Miiller 
counter the method described previously (1, activity sample was ex- 
pressed the relative count, i.e., the counts per ml. fluid per 100,000 (fluorine) per 
1,000,000 (chlorine) All values particular experiment were corrected 
zero time use standard decay curves calculated from the values half-life given 
Livingston and Bethe (5). 

The essentials the experimental method have been described previous paper (10). 
the present experiments with cats, the general plan was inject the radioactive material 
into the femoral vein during salivary secretion. About minute later the salivary can- 
nula was shifted new collection vessel, that the first lot saliva contained all the 
radioactive material secreted during the minute Othersaliva samples 
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were taken convenient intervals. Arterial blood was drawn from the profunda femoris 
artery the beginning and end each period saliva collection after the first. Electri- 
cal stimulation the chorda tympani was used produce secretion the submaxillary 
gland all experiments. 


300 
200 


CHLORINE 


RELATIVE COUNT 


MINUTES 


FLUORINE 


Fic. Relative counts saliva samples taken various times after intravenous 
injection sodium fluoride lithium chloride. The figures for chlorine should 
multiplied five. 


Fig. displays the results experiments which fluorine was 
administered and which chlorine was used. The variously 
hatched areas indicate the successive periods during which saliva was 
collected. lowermost graphs the figure represent experiments 
which stimulation was not commenced until some time after 


FLUORINE: SALIVARY SECRETION 


injection radioactive fluorine. All other experiments were per- 
formed outlined above. 

The upper graphs the fluorine section fig. show that 
appreciable quantity fluorine was excreted the saliva within the 
first minute following its intravenous injection during secretion 
the submaxillary gland. The salivary concentration fluorine during 
the first period averaged over twice great that during the second. 
The concentration the third period was even lower. These findings 
differ somewhat from those the similar experiments with chlorine. 
Here, small amount the injected material entered the saliva 
the first minute one experiment; none all the other. The 
second period salivary collection showed the greatest concentration 
injected chlorine the saliva, and thereafter this decreased. 


TABLE 
Total excretion injected fluorine and chlorine saliva 


FLUORINE CHLORINE 
(mins.) (per cent Injected) (per cent Injected) 
0.134 0.353 
0.047 0.377 
0.089 
0.057 


from the relative count and the volume saliva produced during 
each collection period the total amount the injected substance 
passed into the saliva during the experiment calculated, the figures 
Table are obtained. The total excretion expressed per cent 
the amount injected. From this table can seen that 
average 0.082 per cent the fluorine injected during secretion 
appeared the saliva during the minutes following its injection. 
the similar experiments done with chlorine 0.365 per cent the 
injected material was excreted the saliva within minutes. 

Table contains values the ratio the concentration injected 
material the saliva that the plasma the same time. The 
salivary concentrations represent average values over time interval, 
and therefore are compared average the plasma concentra- 
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tions the beginning and end each period. will seen that 
from the first the eleventh minute after injection sodium fluoride 
the ratio saliva fluorine plasma fluorine had average value 
0.083; from the twelfth the twenty-first minute the average value 
this ratio was 0.097. For roughly the same periods the ratio 
saliva chlorine plasma chlorine had average values 0.352 and 
0.422. These figures seem indicate that fluorine passed from blood 
saliva with greater difficulty than chlorine, but the greater initial 


TABLE 
Ratio radioactivity saliva that blood plasma 


FLUORINE CHLORINE 


Exp. No. Period (mins.) 


1-11 
11-21 


Exp. No. Period (mins.) Ratio 


56-67 

67-77 
1-13 
13-23 
46-56 
56-66 
2-9 
9-19 


1-11 
11-21 


excretion fluorine would appear show the reverse. The reason 
for the discrepancy between the saliva plasma ratios fluorine 
and chlorine not readily apparent. 

The figures given above seem indicate also that for both chlorine 
and fluorine there was increase with time the fraction the 
plasma content element entering the saliva. Further evidence 
for such change the case fluorine found Table II, 
from which can seen that for the period from about the fiftieth 
the seventieth minute the saliva plasma ratio for fluorine had 


: 
0.064 1-11 0.315 
0.098 11-23 0.420 
0.112 6-11 0.389 
0.110 11-23 0.423 
0.116 
0.097 
0.131 
0.101 
0.073 
0.093 
0.099 
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average value 0.114. Such increase the percentage excretion 
injected halogen with time might phenomenon similar that 
known for phenol red the kidney (7); that is, with lower blood 
level substance there greater fraction the plasma content 
secreted. the other hand, the apparent effect could artefact 
depending upon fall the blood level halogen, during the first 
minutes after the injection, below the straight line assumed using 
average blood value for calculation the fraction the blood 
content passing into the saliva. 

From the lowest graphs fig. can seen that when stimula- 
tion was begun about minutes after the injection sodium fluoride 
the concentration fluorine the submaxillary saliva was small but 
relatively constant. Under such conditions average 0.020 per 
cent the injected fluorine was excreted the saliva during the 
minutes following the commencement stimulation. During this 
time, mentioned previously, the saliva plasma ratio for fluorine 
had average value 0.114. 

Nineteen minutes after the injection lithium chloride the plasma 
had per 100 mls. average 15.89 per cent the injected chlorine; 
minutes after injection sodium fluoride the plasma contained 
per 100 mls. average 8.53 per cent the injected fluorine. From 
these figures and the average body weights the animals concerned 
possible calculate the fraction the body necessary contain 
the injected material the same concentration that blood 
plasma. The volumes distribution calculated this way were 
24.2 per cent the body for chlorine and 36.6 per cent for fluorine. 
The larger figure for fluorine may indicate uptake that element 
such structures bone and teeth, suggested the work Volker, 
Hodge, Wilson and van Voorhis (9). 


SUMMARY 


When radioactive fluorine was injected intravenously into cats 
during secretion the submaxillary gland, the injected material 
appeared the saliva significant amount within minute after its 
administration. Under such conditions average 0.082 per cent 
the fluorine entered the saliva during the minutes following the 
injection. similar experiments with radioactive chlorine 0.365 per 


cent the injected material was excreted the saliva within 
minutes. 

When fluorine was injected into resting cats, the submaxillary gland 
not being stimulated until minutes later, average 0.020 per 
cent the fluorine was excreted the saliva during the minutes 
following the commencement stimulation. 

The ratio saliva fluorine plasma fluorine had average value 
0.098; the similar ratio for chlorine was 0.389. 


The author wishes thank Dr. van Voorhis the Department Physics 
this university for supplying the radioactive materials used this work, and Dr. 
Bale the Department Radiology for supplying and maintaining the Geiger-Miiller 
counter used for the determination radioactivity. Drs. Volker, Cheyne 
and Hodge, rendered valuable assistance connection with the fluorine experiments. 
Dr. Bibby suggested this problem us. 
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caries, 302* 

metabolism; teeth, 292* 

radioactive; enamel, 318* 

saliva, 316* 


teeth 


INDEX 


Physiology: dental, 193* 

Plaques: dental; carbohydrate decompo- 
sition, 473 

Price, A.: caries; nutrition, 322* 

Pulp: artificial fever; effect, 155, 193,* 215 

eosinophile leukocytes, 293,* 537 

fatty change, 325* 

fillings; bacterial studies, 289* 

operative procedures; effects, 179 

sympathetic nerve fibers, 227 


ADIOGRAPHS: cephalometric; 
rection, 313* 

enamel; caries, 

serial; skull growth, 323* 

I.: Vitamin dentinal applica- 
tion, 373 

Resorption: root; orthodontic treatment, 
295,* 367 

F.: galvanic current; oral 
cavity, 291* 

ceedings, 257 

hereditary opalescent dentin, 521 

this index, 597 

T.: caries; calcium and phos- 
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